Google 



This is a digital copy of a book that was preserved for generations on Hbrary shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http : //books . google . com/| 



c7l 



\ 



:/ 






GAS, GASOLINE AND 
OIL ENGINES 



1 ; 
i ' 



GAS. GASOLINE AND 
OIL ENGINES 



; I 



By A. Frederick Collins 

The Amtteur Mechanic 

How to Fly 

The Home Handy Book 

Keeping Up with Your 
Motor Car 

The Book of Wireless 
The Book of Stars 
The Book of Magic 
The Book of Electricity 

D. Applbton & Company 

Publishers New York 



!•• • 



GAS, GASOLINE 
AND OIL ENGINES 



a: FREDERICK COLLINS 



nXUSTBATSD 



D. APPLETON AND COMPANY 

NEW YORK LONDON 

19U 



OOFTSIOHT, 1010, BT 

D. APPLETON AND COMPANY 



Of nra unniu vwrtWD tTATM ov amwmoa 



X" 



to 
N. L. V. GOEBBELS 



..^V 






^^ 






34001 2 



A WORD TO YOU 

The watchword of the world is work I 

Kow work is done in two different ways and these 
are (1) By muscular strength and (2) by power de- 
veloped by wind, water and heat 

As wind is uncertain and it is hard to convert it 
into useful power, about the only thing a windmiU 
is good for is to pump water. Flowing water is 
steady enough but it is not often available, and, con- 
sequently, water wheels and turbines cannot be gen- 
erally employed. 

But heat, which is a product of chemical action, 
can be generated in small or large quantities any 
and everywhere, and steam and internal comT)ustion 
engines run by it are built in all sizes. The internal 
combustion engine in which gas or liquid fuels are 
fired in the cylinder is the ideal engine for all pur- 
poses, as its initial cost is little, the fuel it bums is 
cheap, its upkeep is small, it is compact in size, light 
in weight and easy and safe to run. 

In these days of labor-saving devices it is nothing 
short of a crime to pit your bodily strength against 
mechanical power, and this is especially true where 
the latter is produced by an internal combustion en- 

gina 

. • 

Vll 



A WORD TO YOU 

Again, as gas, gasoline and oil engines are rapidly 
displacing all other kinds of prime movers where 
small units are used and since they are already so ex- 
tensively employed in the home, the shop, and on the 
farm, in the form of stationary, portable, tractor, mo- 
torcycle, motorboat, motorcar and airplane engines 
it behooves you to know how they work and how to 
run them. 

And this is equally true whether you are a man 
or a woman, a boy or a girl, for it is only a question 
of time until you will find yourself face to face with 
one of them. If you are ignorant of how they are 
made and work you will, more than likely, go through 
the harrowing experiences and make the costly mis- 
takes that countless others have made before you. 

This is a great pity, for it is easy to know all about 
gas, gasoline and oil engines if you start right, and 
to do so all you need is to read this book through 
carefully. 

A. Fbedesiok Collins 



••• 
vm 



CONTENTS 

CHAPTEB PAGE 

I The Beginnings of the Intebnal Combustion 

Engine 1 

II The Internal Combustion Engine Simply Ex- 
plained 15 

III The Efficient Gas Engine 34 

IV Stationary and Portable Gasoline Engines 62 

V Mobile Gasoline Engines 69 

part 

I The Motorcyc?le Gasoline Engine . 70 

II The Motor Car Gasoline Engine . 83 

III The Motor Boat Gasoline Engine . 94 

rv Airplane Engines 97 

VI The Economical Oil Engine 102 

VII The Diesel Self-Igniting Engine .... 119 

VIII How TO Practice Engine Economy .... 131 

IX Diseases of Internal Combustion Engines 142 

X Schemes for Power Transmission .... 156 

XI The Kind of an Engine You Want ... 169 

XII Useful Information 180 

Index • • . - . . . . 189 






LIST OF ILLUSTRATIONS 

FIGURE PAGE 

1. The Cannon of the Chinese 2 

2. Huygen's, the First Gas Engine Ever Built . . 4 

3. Street's, the First Gaa Engine to Work ... 6 

4. Barnett's Improved Igniter 7 

5. Barsanti and Matteucci's Electric Spark Igniter 8 

6. Lenoir's Gas Engine 10 

7. Bra3rton's Gasoline and Oil Engine 11 

8. The First Commercial Otto Gas En^e ... 13 

9. Schematic Drawing of the First Diesel Self-Igniting 

Oil Engine 14 

10. Cross Section of a Simple Four Stroke Cycle Gaso- 

line Engine 16 

11. Schematic Drawing Showing How a Four Stroke 

Cycle Single Cyfiider Engine Works ... 19 

12. Schematic Drawing Showing a Simple Jump-Spark 

Ignition System and How It Is Timed ... 22 

13. A Sunple Flyball Throttling Governor .... 24 

14. Schematic Drawing Showing How a Four Cylinder, 

Four Stroke Cycle Engine is Connected to the 
Crankshaft 25 

15. (A) Schematic Drawing Showing How the Cams 

of a Four Stroke Cycle Engine Are Set to Tune 
and Work the Valves. 

(B) The Cams as They Are Set on the Camshaft 26 

16. How a Simple Two Port, Two Stroke Cycle Engine 

Is Made 27 

17. Schematic Drawing Showing How a Two Port, Two 

Stroke Cycle, Single Cylinder Engine Works . 28 

xi 



LIST OF ILLUSTRATIONS 

FIGURE PAGE 

18. How a Simple Three Port, Three Stroke Cycle Enr 

gme Is Made 29 

19. Schematic Drawing Showing How a Three Port, 

Two Cycle Single Cylinder Engine Works . . 30 

20. A, B, C and D. The Frame, Cylinder, Water 

Jacket and Cylinder Head of an Otto Gas Engine 35 

20. EandF. The Air Inlet Valve and the Gas Valve 

Are Made and Work the Same 36 

20. G. The Exhaust Valve 37 

20. H, I, J. The Piston, Piston Rings and Crosshead 

Pin 38 

20. E and L. The Connecting Rod with Wiper Oil 

Feed 39 

20. M. The Crankshaft 39 

20. N. The Cam, or Gear Shaft 40 

21. A Horizontal Otto Gas Engine Complete ... 41 

22. How the Gas Is Supplied to the Engine ... 42 

23. The Construction of a Hot Tube Igniter ... 43 

24. The Wipe Spark Igniter Operated by a Battery 

and a Kick Coil . . | 44 

25. The Mechanism of the Wipe Spark Igniter . . 45 

26. The Wipe Spark Igniter on an Otto Engine . . 46 

27. The Low Tension Rotating Armature Magneto . 47 

28. A. A Low Tension Oscillating Magneto ... 48 
B. The Oscillating Magneto on a Gas Engine . . 49 

29. Wiring Diagram of a High Tension Jump Spark 

Coil System 50 

30. A. Wiring Diagrsun of a High Tension Magneto 

and Interruptor for a One Cylinder Engine. . 51 

30. B. Cross Section of a High Tension Bosch Magneto 52 

30. C. A Bosch High Tension Magneto Complete . • 53 

31. Flyball Hit and Miss Governor 65 

32. How the Engine Is Oiled 67 

33. Cooling by a Steady Flow of Water .... 59 

34. Tank or Thermo-Syphon Cooling System ... 60 

35. The Exhaust Pot of a Gas Engine 61 

.. 

Xll 



UST OF ILLUSTRATIONS 

FIGUBB PAGE 

36. A Portable Gasoline Engine . 63 

37. A Gravity Gasoline Feed System 64 

38. A. Underground Supply Tank with Pump Feed 

System 65 

38. B. Plunger Pump for the Pump Feed System . 66 

39. Th3 Gasoline Valve 67 

40. Twin Cylinder V Type Motorcycle Engine . . 71 

4L A. Cross-Section of a Simple Carburetor ... 72 

4L B. How the Carburetor and Inlet Valve of the En- 

^e Are Connected 73 

42, A. Cross Section of a Stromberg Carburetor . . 75 

42. B. Perspective of a Stromberg Carburetor . . 76 

43. A. A Distributor for Timing Uie Ignition of a Four 

Cylinder Engine 77 

43. B. Wiring Diagram of a High Tension Jump- 

Spark Magjieto, Interrupter and Distributor for 

a Four Cylinder Engine 78 

44. The Splash Lubricating System of a Four Cylinder 

Engine 79 

45. The Force Feed Lubricating System .... 80 

46. A Ring Air Cooled Cylinder 81 

47. A Muffler for a Motorcycle 82 

48. The Air Pressure Fuel Feed System .... 84 

49. The Vacuum Feed System 85 

60. Wiring Diagram of a Six Cylinder Circuit Breaker 

Spark Coil Ignition System 86 

51. A and B. Radiators for Motor Cars .... 87 

62. A Muffler for a Motor Car 89 

63. A. Wiring Diagram for an Electric Starter . . 90 
63. B. How a Storage Battery Is Made . • . • 91 
63. G. The Electric Engine Drive 91 

63. D. The Electric Starter Complete 92 

64. The Knight Sleeve Valve Engme 93 

65. The Famous Liberty Airplane Motor .... 98 
56. A. How the Gyro Engine Works 99 

66. B. TheGyroAirplaneEngineMountedinitsFrame 100 

... 

Xlll 



LIST OF ILLUSTRATIONS 

FIGURE PAGE 

57. A Simple Fuel Mixing Nozzle 105 

58. An Adjustable Mixing Valve , 106 

59. A. Cross Section of a Muncie Fuel Injection Nozzle 

with Union Joint 107 

B. Muncie Fuel Injection Nozzle 107 

60. Muncie Fuel Injection Pump 108 

61. Kinds of HotrHead Igniters 110 

62. Cross Section View of an Early Muncie Oil En^e 

Showing Hot-Ball Igniter Ill 

63. Cross Section View of a Recent Bessemer Crude 

Oil Engine 112 

64. Flywheel Governor of a Fairbanks-Morse Engine 113 

65. A Fuel Pump Connected to a Muncie Flywheel 

Governor 114 

66. Longitudinal Cross Section View of a Single Cylin- 

der Diesel Four Stroke Cycle En^e Showing a 

Two Stage Air Compressor 124 

67. Transverse Cross Section View of a Diesel Engine 125 

68. An Upright 400 H. P., Four Cylinder, Four Stroke 

Cycle Diesel Engine 129 

69. A. How to Take Off a Piston Ring .... 146 
69. B. How to Grind a Valve 147 

69. C. Stretching a Valve Spring 153 

70. The Belt Drive. A Tight and Loose Pulley . . 157 

71. Friction Wheel Drives 158 

71. D and E. Friction Wheel Drives 160 

72. The Motor Car Cone Clutch ..".... 162 

73. A Disk Clutch for a Motor Car 163 

74. A Magnetic Clutch for a Motor Car .... 164 

75. A Friction Shaft Clutch 166 

76. Flywheel Clutches 167 



XIV 



GAS, GASOLINE 
AND OIL ENGINES 




i 



4a. 



N. 



GAS, GASOLINE AND OIL 

ENGINES 



CHAPTER I 

THE BEGINNIFGS OF 
THE INTEKNiJL COMBUSTION EKGIIOS 

Imagmation is the ability to think new thoughts 
and invention is the power of the mind to shape these 
abstract thoughts into concrete things and make them 
useful or do useful work. 

The history of the world shows that the human 
race has progressed through the imagination of only 
a few of its members and a study of inventors from 
Archimedes to our own Edison leads us to conclude 
that no single individual is capable of any great de- 
gree of imagining new forms but that it is the sum 
total of their creative faculties which has wrought 
the miracles of progress that we enjoy to-day. 

It is a far cry from the modem high power guns 
that were used on the battle fronts of France to the 
equally high speed internal combustion engines em- 
ployed to drive submarines and to develop power for 
more peaceful pursuits, but a glance at these two con- 
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GAS, GASOLINE AND OIL ENGINES 

trivanoes whicb are so unlike reveals the fact that 
they have sprung from the same stock, or perhaps 
barrel would be the more apt word, but it is true 
nevertheless. 

The Coming of the Oamion. — ^The Chinese are 
given the credit of having discovered gunpowder and 
this was about the year 600 A.D, Some 600 years 
later the first gun to use gunpowder as the propelling 
force was invented in Bagdad, a city in Asiatic Tur- 
key, and in 1234 the Chinese army under Genghis 




Fig. 1. The Earliest Known Cannon 

Elan used it for the first time in warfare^ It is 
shown in Fig. 1. 

The Earliest Glimmer of the Oas Engine. — Since 
gunpowder was one of the first prime forces to be dis- 
covered by man it was right in the logical sequence 
of things that it should have come in for a large 
amount of thought as a suitable power to harness up 
and use, and in this way save the energies of both 
man and beast. 

These early inventors, if such they could be called, 
could see, with some stretch of their oriental imagi- 
nations to be sure, that the barrel of the cannon would 
make the cylinder of an engine and that the cannon 
ball would serve as a piston driven out by the force 
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INTERNAL COMBUSTION ENGINE 

of the expanding gases which was given off by the 
burning powder. But there their imaginations ended 
and a celestial glimmering of the gas engine was as 
far as they ever got. 

The Oas Engine Gtots on Paper. — While the idea 
of converting an engine of destruction into an engine 
to pump water was flickering uncertainly in the 
minds of the Eastern philosophers, the uses of steam 
as a motive power had attracted the attention of 
Western inventors. 

The first actual plans for an engine to be driven 
by gunpowder which would deliver continuous power 
were drawn up in 1678 by the Abbe Hautefeuille 
(pronounced Hote-fway) who lived in France. Like 
the steam engine of Newcommen which was then un- 
der way the proposed gas engine of Hautefeuille 
was designed to pump water, for the scheme of chang- 
ing the reciprocating motion of a piston into the ro- 
tary motion of a crank had as yet been scarcely 
thought of. 

According to the plans of the Abbe the powder 
was to be burned in a cylinder having some water in 
it and, as the gases cooled off after burning, a vacv/wnv 
would be formed when the piston would be forced 
up by the atmospheric pressure on the water. The 
principle of this engine was correct but the inventor 
did not try to build one. 

The First Gas Engine to be Built. — Two years 
later, that is to say in 1680, Huygens, (pronounced 
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GAS, GASOLINE AND OIL ENGINES 

Hat-gens) y sl Dutchman, was the first to actually 
build a gas engine. It is shown in Fig. 2. 

The inventor put the gunpowder in a little ignition 
cup in the bottom of the cylinder and then fired it 
by a flame thxougli a touchhole. The explosion of the 
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juel charge drove the air in the cylinder out through 
leather valves and so formed a vacuum in it, and then 
the atmospheric pressure on the top of the piston 
forced it down in the cylinder. 

While this engine worked in a feeble way, the 
great trouble with it was that the valves could not 
be made air tight, and consequently the vacuum 
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INTERNAL COMBUSTION ENGINE 

would not hold, hence Huygens' gas engine went by 
the board. 

For over a century after Huygens had made this 
classic attempt, notLiBg f urth? was done toward 
perfecting the gaa engine. The reason for this long 
delay was because the steam engine had been stead- 
ily developed in England and it had proved a very 
satisfactory prime mover. 

An American llakts the First Workable Oas 
Engine. — ^And now we come to a gas engine that 
was the first really practical one ever built up to 
the beginning of the nineteenth century, and the 
credit of it is due to Robert Street, an American. 

He was granted a patent in 1794 for a gas cylin- 
der and piston engine to work a pump. In this en- 
gine the bottom of the cylinder was heated and a 
few drops of turpentine were allowed to fall into it. 
When the turpentine evaporated it formed a vacuum 
in the cylinder and the atmospheric pressure on 
the piston forced it up. 

An explosive mixture made by passing air over a 
sponge soaked in turpentine was admitted into the 
cylinder just before the piston moved up and the 
latter compressed it on its down stroke. A flame was 
then applied to the touchhole, which exploded the 
fvsl miocture, as it is now called, and this drove the 
piston up. His engine is pictured in Fig. S. 

To Street is also due the credit of being the first 
to convert a liquid fuel into a gas and to make an 
explosive mixture by mixing it with air. 
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A Double Acting Oas Engine. — ^In the engines 
that have gone hefore yon will have observed that 
the explosive force of the gas acted on one side of 
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the piston only, and that is the way that all of the 
gas, gasoline, and oil engines are made to-day. 

In 1797 a Frenchman named Lebon took out a 
patent for a double acting gas engine in which the 
explosive fuel mixture was compressed by a com- 
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pression pump and then admitfbd alternately on eacH 
side of the piston as steam is in an ordinary steam 
engine. 

The piston rod was connected with a shaft and 
this worked the gas compressor pump. To fire the 
fuel mixture Lebon intended to use a spark set up 
by an electric machine which would also be driven 
by the shaft Unfortunately the inventor was as- 
sassinated in 1804 and so his engine came to naught. 




Fig. 4. Baknett's Improved Igniteb 



The Gas Engine Competes With the Steam En- 
gine. — The first gas engine to be put to the prac- 
tical test of pumping water was made by Samuel 
Brown, of London, in 1823. Like Hautefeuille's 
gas engine, his was of the vacuum type, and in the 
next ten years four of these engines were used in 
England for pumping water. Each engine could 
raise 300 gallons of water 15 feet high on 1 cubic 
foot of gas. 
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The InventioQ of an Improved ^miter. — ^William 
Bamett, also of England, got up in 1838 a double 
acting gas engine, but his fame rests on an ignition 
cock for firing tbe fuel mixture. 

In this igniter, see Fig. -4> which was screwed to 
the head of the cylinder, two flames were used, one 
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on the inside and the other on the outside of the 
cylinder; now when the force of the explosion put 
out the inside flame, a valve opened in the cock and 
it was again relit by the outside flame, which was 
always burning- 
Then Came the Electric Spark. — It was Barsanti 
and Sfatteucci, of Italy, who first used the electric 
spark to ignite the fuel charge in the cylinder. This 



INTERNAL COMBUSTION ENGINE 

was in 1857, when electricity was getting pretty 
weU out of its swaddling clothes. Their engine was 
also of special design, but it was not used afterward, 
and hence did not help along the state of the art. 
Fig, 5 shows their igniter. 

The Advent of the Commercial Qas Engine. — The 
workers along the line of the gas engine were busy 
now everywhere, but Lenoir, of France, designed 
and built, in 1860, the first gas engine that was 
really a commercial success. 

There was nothing new or original about this gas 
engine of Lenoir's, but what he did was to work 
out every single part of it so carefully that when he 
built the engine it worked efficiently. His engine 
was very like the steam engine as it is built to-day, 
but, of course, with the addition of valves to admit 
the fuel mixture, and others to let the burnt gases 
escape. It is shown in Fig, 6, 

In 1860 two of Lenoir's engines were built in 
Paris, one of six and the other of twenty horse 
power. According to descriptions published at that 
time both of these engines ran as smoothly and as 
silently as the best steam engines then in usa 

An American (Sasoline and Oil Engine. — ^In 1873 
George Brayton began to build in the United States 
gasoline and oil engines which were better than any 
that had yet been produced. 

The outstanding feature of the design of his engines 
was that the fuel mixture burned at a constant pres- 
sure instead of in a series of explosions. 
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The air was compressed in a. cylinder hj a piston 
which was connected to the heam of the engine, and 
this was admitted to the power cylinder together 
with a small quantity of oil on the upstroke of the 
piston in the compression cylinder. As the fuel 
mixture passed into the power cylinder it was ig- 




Fifl. 6. LiNois's Oas Ekoihi 

nited by a flame and thus the pressure was kept 
constant. 

To prerent the fuel mixture from backfiring from 
the power cylinder into the compression cylinder a 
piece of wire gauze^ was placed in the intake pipe 
between them. As gas did not work well in Bray- 

' If a piece of wire gauze in placeil over a Biinnen burner 
the flame may be %b<eil either ohovo nr Mow the gauze 
bnt it will not pass through it. Tliin in hHoaiwo the wires 
of the ganze are very good cimilucitoni of lii<nl and prevent 
the gas on the otber eiile from f^tlinif hot oiiou);ti to light. 
10 
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ton's engine he used gasoline and oiL Air only was 
compressed in the compression tanks and just before 
it was passed into the cylinder of the engine it was 
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drawn across a sponge soaked in either gasoline or 
kerosene See Fig. 7. 

In the Brayton engine the inlet valve closed when 
the piston had traveled ahout one-half of its stroke 
and the expansion of the burning fuel mixture forced 
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it on to the end in precisely the same manner as does 
the latent heat in steam. Brayton built a large num- 
ber of these engines, and they were the best that had 
been made up to that time. 

The Four Stroke Cycle Oas KngiAa — ^As far back 

as 1682 Beau de Eoches, of France, conceived and 
patented the scheme of making a four stroke cycle ^ 
gas engine, that is, an engine in which the first stroke 
would suck in the fuel mixture; the second stroke 
would compress it; the third stroke would be the 
power stroke, in virtue of the fuel mixture exploding, 
and the fourth stroke would push out the burnt gases. 

Nearly 200 years later, that is, in the year of 
1861, Nicholas August Otto, a German engineer, 
built a gas engine on the identical principles laid 
down by De Boches, and used a flame igniter quite 
like the one devised by Bamett. 

This engine, see Fig. 8, is known as the Otto four 
stroke cycle gas engine, and was shown for the first 
time in public at the World^s Fair in Paris, in 1867. 
The improved Otto engine was exhibited at the Cen- 
tennial Exposition in 1876, and it worked so nicely 
and efficiently that over 30,000 of them were built 
and sold during the first ten years. 

It was soon f oimd that the four stroke cycle en- 
gine could be adapted equally as well to the use of 

*The term four stroke cycle means four succeBslve strokes 
of the piston in which each one performs a different opera- 
tion and the continued repetition of which makes the engine 
develop power. 

12 
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liquid fuela, such as gasoline and kerosene, provided 
the proper devices were used to break up these li- 
qnida into a spraj and miz them with the ri^t 
amount of air. 

When these small tut important improvements 
had be^i made there grew up the great industries of 




Fig. S, The Fibst CoifUEooAL Otto Oas ENOnra 

building stationary, marine, motor car and, more 
recently, airplane engines. 

The Diesel Self-Igmtion Oil Engine. — ^When air 
is compressed sufficiently, its temperature is raised 
high enough so that it will £re kerosene or other fuel 
oils if these are allowed to come in contact witi it, 
and hence neither a flame nor a spark is needed to 
ignite the fuel charge. 

18 
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Working on this principle, Bndolf Diesel, a Gee- 
maii inventor, began to experiment witb tigli com- 
pression engines in 1892. In his engine the air ia 
compressed in the engine cylinder and, when it is 
under a high presaore and hot enough, the fuel oil is 

(IMPRESSED /f/R. 
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injected into it when the latter is fired and explodes. 
Diesel engines are made in all sizes from 3 horse 
power, which is suitable for farm use, on up to those 
derelopiiig 2,000 hors^ower. A diagram of the first 
Sieael engine is shown in Fig. 9. 



CHAPTER II 

THE INTEEIfAL COMBUSTION- BNGINB SIMPLY 

EXPLAINED 

To begin with, all engines in which the fuel is 
fired in the cylinders, or internal combustion en- 
gineSj as gas, gasoline and oil engines are now gen- 
erally called, work on the same fundamental princi- 
ple, and that is by the expansive force of a gas act- 
ing on a piston in a cylinder. 

How a Simple Oas Engine is Made. — To get a 
clear idea of how a gas engine works, let us start 
with a single cylinder engine and find out first how 
it is made. 

Such a gas engine is shown in Fig, 10, and from 
this drawing you will see that it is built up of (1) 
a cylinder open at one end and which is fitted with 

(2) a piston that slides freely back and forth in it, 

(3) a connecting rod, one end of which is pivoted 
to the piston and the other end attached to the pin 
of (4) the crankshaft, and to the latter is fixed (5) 
the flywheel, which is not shown. Geared to the 
crankshaft is (6) a pair of camshafts with cams 
fixed on them so that they open the irdet and exhaust 
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valvea — ikey are closed by spiral springs at the 
proper instant, while another cam on one of the 
camshafts, see Fig. IB, times the electric spark, 
that is, it makes the electric spark take place at the 
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right moment, and, finally, all of these parts are 
mounted on (7) a suitable frama 

The Inlet and Exhaust Valves. — These two 

valves are set in or near the closed end, or head of 
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the cylinder. The inlet valve admits the fresh gas 
and air, or fuel mixture, as these are called when 
they are mixed and ready to be compressed in the 
cylinder. 

The exhaust valve lets the waste products of com- 
bustion, or humt gases, escape into the open air. 
Both the inlet and the exhaust valves must not only 
be opened at precisely the right time, but they must 
be held open exactly the right length of time and, 
as I have said above, this is the purpose of the cams 
on the camshaft. 

The Igniter for Firing the Charge. — There are 
various schemes used for igniting, that is, firing the 
fioel charge, as the fuel mixture is called after it has 
been compressed in the cylinder. 

For the purpose of explaining clearly how the gas 
engine works, we will suppose that the igniter is an 
electric one of the jump-sparh type, in which a spark 
plug is screwed into the head of the cylinder with 
its business ' end inside. This will be described 
presently. 

How a Simple Oas Engine Works — Two StroJce 
and Four Stroke Cycle Engines. — The word cycle 
means that a certain series of operations repeat them- 
selves. 

Now the cycle of a gas engine means the number 
of strokes the piston miist make to perform the vari- 
ous functions which are necessary to run it. Some 
gas engines are made in which all of these operations 

17 
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take place when the piston makes two strokes and 
others when the piston makes four strokes. 

The latter engine, or fov/r stroke cycle engine, as 
it is called, which is a short way of saying that the 
engine makes four strokes to the cycle, is easier to 
understand than one that makes only two strokes to 
the cycle. This is because in the former each op- 
eration takes place separately and all of them ahove 
the piston, while in the latter two of the operations 
take place at the same time and part of them on one 
side of the piston and part on the other — ^that is, in 
the cylinder and in the crankcase. Hence, I shall 
explain how a four stroke cycle engine works first 

Tbe Four Stroke Cycle Engine. — The strokes 
the piston makes in a four stroke cycle engine are 
(1) the suction stroke; (2) the compression stroke; 
(3) the power or explosion stroke, and (4) the eo?- 
haust stroke, and when they are done the cycle be- 
gins all over again. 

The Suction Stroke. — ^The first down stroke of 
the piston is called the suction stroke because it sucks 
the gas and air into the cylinder; to do this of 
course the inlet valve must be open, as shown at A in 
Fig. 11, and the exhaust valve must be closed. And 
right here get this fixed in your mind — ^that for 
every stroke of the piston the crankshaft, and of 
course the flywheel on it^ makes ono-half of a com- 
plete revolution. 

The Campreman Stroke. — ^The moment the pis- 
ton higbm Um up ftroke the inlet valve doses and 

18 
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the exhaust valve must remain closed to keep the 
gas in the cylinder. This upward stroke of the 
piston compresses the fuel mizture and this gives 
it more force when it explodes. It ia easy to see, 
now, why this is called the compression stroke. When 
the piston has completed its up stroke the crankshaft 




finction Compreesion Power EihansL 

Stroke. Stroke. Btroke. Stroke. 

Tia 11. SCHCiiATio Dbawinq Showing How a Foub StbokB 
Cycle Single C¥liN]>eb Engine Works 
A, B, C, and D represent the aama cylinder and show what 
takes place during two revolutions of the crankshaft 

will have made another half-turn or one complete 
revolution in all. This stroke is shown at B. 

The Power Stroke. — ^When the piston is up to the 
head of the cylinder and the fuel mixture is com- 
pressed, it is then fired and explode or rather 
bums, for this is what it really does; the sndden 
force of the expanding gases drives the piston down 
and this stroke, which is the effective, or power 
stroke, see C, pushes the crankshaft aroimd another 
19 
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half-turn, and this is the stroke that develops the 
power. During this stroke both the inlet and the 
exhaust valves stay closed. 

The Exhaust Stroke. — The instant tHe power 
stroke is completed the exhaust valve opens and as 
the piston moves up it pushes the burnt gases out 
of the cylinder and into the open air. At the end 
of this stroke the exhaust valve closes, the inlet 
valve, opens and the cycle of strokes begins all over 
again. The position of the valves, the piston and 
the crankshaft during the exhaust stroke is shown 
at D. 

From the above you will see that there is only one 
power stroke, to every four strokes of the piston, or 
cycle of the engine, and as the crankshaft makes half 
a turn for each stroke of the piston it is evident that 
there are two revolutions of the crankshaft to every 
power stroke, which means that power is applied 
to the crankshaft in turning it around only one- 
quarter of the time. y^ 

How the Inlet and Ezhanst Valves Work. — Since 
the inlet and exhaust valves open only once in every 
four strokes of the piston and since there are two 
revolutions of the crankshaft to every four strokes, 
it is clear that an eccentric, or another crank, on the 
crankshaft could not be used to open them, as these 
devices do to move the slide valve in a steam engina 

Instead, a camshaft is geared to the crankshaft 
with gears in the ratio of 2 to 1, that is, the gear 
on the camshaft hap as many ^^th on it as 
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the one on the crankshaft with which it meshes. 
This reduction gear makes the camshaft turn only 
half as fast as the crankshaft^ with the result that 
every time the camshaft makes a complete revolu-^ 
tion, which is once in every four strokes, the valves 
are raised. When the cams have moved on past the 
valve rods the springs force the latter down and so 
close the valves which are fixed to them. 

How the Electric Spark Igniter Works.-r-The 
simplest kind of a jump-sparJe igniter consists of 
(1) an induction coil, or jump-spark coil as it is 
called, which changes the low pressure current gen- 
erated by a dry battery into a high tension current 
that will jump across an air-gap between two metal 
points about t^ of an inch apart^ which are set in 
a spark-plug. 

The spark coil is connected to the spark-plug in 
the cylinder through a timing device, or timer as 
it is called. This device is simply a ma&e and hreaJc 
contact switch which is worked by a cam on the 
camshaft, and this makes and breaks the electric 
circuit once in every four strokes of the piston at 
the instant when the charge must be fired. It is 
shown schematically in Fig. 12, 

How the Engine is Made to Bun Smooth. — ^As 
you quite likely know, every stroke of the piston of 
a steam engine is a power stroke and, as you have 
just seen, only one stroke in every four of the piston 
of a single cylinder four stroke cycle gas engine is 
a power stroke. 
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The result is the steam engine works smoothly 
and the gas engine has a tendency to run unevenly. 
Now there are three ways to make a gas engine run 
with a steadiness comparable to that of a steam 
engine, and these are (1) by putting one, or better, 
two heavy flywheels on the crankshaft; (2) by fitting 
a governor to it, and (3) by connecting up the pis- 
tons of two, often four, sometimes eight, and occa- 
sionally twelve cylinders to a single crankshaft, and 
some engines adopt all of th^Be expedients to get the 
best result. 

What the Flywheel Does. — The flywheel as it ro- 
tates gathers energy and when it is turning fast , 
enough its inertia^ tends to keep up the speed of thei*^ 
engine and to make it more nearly uniform. 

How the Oovemor Works. — The governor of a 
gas engine works on the same principle as that of a 
steam engine. The simplest type, see Fig. IS, is 
called a flyball governor, and it consists of a ver- 
tical shaft, called a governor shaft, geared to the 
camshaft which makes it revolve at a goodly speed. 

A pair of arms, each of which carries a ball on 
its free end, is pivoted to a support while the upper 
ends of the arms press on the top of the shaft. A 
sleeve is fixed to the shaft and a lever with a fork 
at one end sets in a groove in the sleeve and this 

* When a body is at rest it tends to remain so and when 
in motion to keep on going, and this property of matter is 
called inertia. 
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opens and closes the gas valve which admits the fuel 
into the cylinder. 

As the engine increases its speed the balls re- 
volve faster around the shaft and fly farther and 
ever farther apart. In so doing the arms press down 
on the shaft and, as the sleeve moves down with it, 
it works the forked lever and this in turn cuts off 




V/?LV£ 



Fig. 13. A Simple Flyball TmtoTTLiNa Govebnob 



the supply of gas; the engine then slows down, the 
balls fall and the gas valve is again opened. 

TAe Purpose of Mutti-Cytinders. — There are 
two ways open to get a power stroke oftener than 
once in every two revolutions, and these are (1) to 
connect two or more pistons to a single crankshaft 
and (2) to use a two stroke cycle engine which has 
one or more cylinders. 

Where muUi-cylinders are used the pistons are con- 
nected to the crankshaft in such a way that the 
power strokes will be delivered in succession, and 
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this has the effect, if there are enough cylinders, of 
•developing practically continuous power like tiie - 
piston of a steam engine. The way in which four 
pistons of a four stroke cycle engine are conneqted 
to the crankshaft is shown in Fig. H. 

/£?7yf^S^' ■^^'^"^^ POW£/? EXHAUST 
lONSTROkE STROKE STROKE STROKE 




BEARING^ 
CRANKSHAFT 
FiQ. 14. ScHBMATio Dkawikq Showino How a. Eoub Ctun- 

DEB, FOQB STBOEZ CTCLK ENGINE IS CONNECTED TO THX 
CKiNKSHATT 



The order in which the cylindeii 



3 fired i 



1, 2, 4, 3. 



Where four cylinders are used there is a power 
stroke for each half-turn of the crankshaft, and the 
only breaks in the continuity of the power developed 
is at the end of each power stroke and the beginning 
of the next one, and this is the equivalent of the 
power delivered by a single cylinder steam engine. 
25 
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Wbeu six or more cylinders are used the gaps 1)e- 
tween the smokes are bridged, and hence the more 
cylinders the smoother the engine will run. The 
way in which the valves are timed in a four stroke p 
cycle, four cylinder engine is shown in Fig. 15. 

A ffimple Two Port, Two Stroke Cycle Engine — 
In the two stroke cycle engine every other stroke of 




Ko, 16. (A) ScHMiATio Drawing Showino How thb Cahs 
or i. FouB Btsoee Qicix Ensinx Abb Bit to Tiue and 
Wore thx Valves. (B) Thk Caks ab Thxt Abb Sit 
ON VHE Causbait 

the piston is a power stroke, and this makes it more 
powerful for its size, and it runs smoother than a four 
stroke cycle engine having the same number of cyl- 
inders. Further it is simpler in construction than 
a four stroke cycle engine, but on the other band it 
heats up more and is not as efficient as the latter. A 
clear cross section view of it is shown in Fig. 16. 
The way it works is like this: On the first up 
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stroke of the piston, the fuel mixture is sucked 
through the intake pipe, which has a valve in it, into 
the crankcase, as shown at A in Fiq. 17. As the 
piston moves down tibe fuel mixture is compressed 
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Fig 16. How a Simple Two Port, Two Stroke Cycle 

Engine Is Made 



in the crankcase, but just as the piston reaches the 
end of its down stroke it slides across two 'ports and 
opens them. One of these ports connects the cylin- 
der with the crankcase and the other one, which is 
the exhaust port, leads to the open air, as shown 
atB. 
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The compressed gas in tlie crmkcase now rushes 
into tlie cylinder and at the same time it drives out 
the burnt gases but while these two operations take 
place in the cylinder at the same time a little of the 
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Fio. 17. BcHXMATic Dbawino Showing How a Two Post, 
Two Stbokb Cycle, Sihole Cylind^ Enoink Wobes 
A and B represent the same cylinder and show what takes 
place during one rerolution of the crankshaft. 
First Strolce (Up) Second Stroke (Down) 

(a) CraukcaBe Suction (a) Poner Stroke 

Stroke (b) Crankcasa CompreBsioo 

(b) Cylinder Compression Stroke 



Stroke 
(e) Pnel Charge Fired 



(e) Cylinder Admits Fuel 
Mixture and Exhausts 
Burnt Gases 



latter will remain behind and mix with the fresh 
fuel charge. 

On the up stroke of the piston the fuel charge is 
further compressed and when the piston reaches the 
end of its compression stroke the charge is ignited 
and a power stroke takes place. 
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A Three Fort, Two Stroke Cycle Engine. — ^In 
the three port engine no check valve is used hetween 
the carburetor, fuel nozzle and the crankcase but, 
instead, a third port leads from the former to the 
latter, and this is opened hy the piston on the com- 

•iPA/lKftl/G 

CYUNSIERHEAD 




Pig. 18. How i 



pression stroke that takes place in the cylinder and 
closed on the power stroke. ¥ig. 18 is a clear cross- 
section view of it. 

This arrangement makes the three port engine 
work a little difEerently from that of a two port 
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engine. In the three port engine when the piston 
goes up it closes the cylinder inlet port, as shown at 
A in Fig. 19, and the suction of the piston increases 
the vacuum inside of the crankcase until tlie open 
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Pio. le. Schematic Drawing Showikg How a Thbeb Port, 
Two Ctcle Sinoli Ctlihdbk Engine Works 
A and B represent the same ejUnder and show what takes 
place during one revolatioD of the crankshaft. 
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end of the piston slides by and opens the third or 
inlet port when the fuel mixture from the carhiiretor 
or nozzle rushes into the crankcase and fills it. 

When the piston makes its down or power strc^^ 

as shown at B, it again covers the third inlet port 

and the fuel mixture is compressed in the crank- 
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case. On reaching its lowest dead center, that is, 
its lowest point, the piston opens the duct, or passage, 
between the crankcase and the cylinder when the 
compressed fuel mixture in the crankcase rushes 
into the cylinder above. 

How a Diesel Engine Works. — The salient feature 
of this engine is that it does not use an igniter of any 
kind to fire the fuel charge, but it does this by simply 
compressing air in the cylinder. 

It is a well-known fact that when air is compressed 
its temperature is raised. As a simple illustration, 
if you will take a toy pop-gun, plug up its free end 
tight and then compress the air in it by pushing the 
piston down quick and hard, you will find that the 
barrel gets quite hot Another and more striking 
experiment of the same kind is to ignite a bit of 
tinder, or a pellet of cotton, soaked in ether by means 
of a simple apparatus called a fire-syringe.^ 

Now this principle relating to pressure and heat 
is taken advantage of in the Diesel engine, and in 
this way a high enough temperature is obtained to 
fire the fuel charge which is injected into the com- 
pressed air charge in the cylinder. This scheme of 
self-ignition does away with ignition devices en- 
tirely, and at the same time the cylinder is kept at 
such a high temperature that the heaviest fuel oils 
are instantly converted into gases that bum well 
when mixed with air. Diesel engines are made in 

* You will find a description of this experiment in almost 
any elementary text-book on Physics, 
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both the two stroke and the four stroke cycle types. 

How a Semi-Diesel Engine Works. — The semi- 
Diesel engine does not require as high a compression 
as the straight Diesel, but, like the latter, it bums 
the heaviest fuel oils and does away with compli- 
cated electric ignition devices. 

The only difference between the semi-Diesel and 
a straight Diesel engine is that the former has a 
hot ball or bonnet, set in the head of the cylinder, 
and this must be heated by a blow-torch before the 
engine is started. 

On the up stroke the piston compresses only air 
in the cylinder and when the end of this stroke is 
nearly reached the fuel is injected against the red-hot 
walls of the ball or bonnet, when it is instantly 
changed into gases and explodes. Semi-Diesel en- 
gines are made in both the two and four stroke cycle 
types and a further discussion about them will be 
f oimd in Chapter VI. 

How to Figure the Horse Power of an Engine. — 
The horsepower of any internal combustion engine 
r^ardless of the kind of fuel it bums can be easily 
found by using the following formulae: 

For a Fovr Stroke Cycle Engine. 

D^XN 



H.P.= 



2.5 



where H. P. is the horsepower and is what you 
want to find, 
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D^ is the diameter of the bore of the cylinder, 
and this you square, 

N is the number of cylinders, and 
2.5 is a constant. 

For a Two Stroke Cycle Engine. 



H. P. = 



1.5 



These symbols represent the same quantities as 
those above given. 



CHAPTER in 

THE BFFIOIENT 6AS EUTGIITB 

For stationary work, where natural or atrtificial 
gas can be had, the gas engine is the most efficient 
kind of an internal combustion engine you can usa 

Not only is it the most efficient, but since there 
is a constant supply of fuel at hand and it can be 
used directly in the cylinder of the engine without 
any intervening apparatus it is safer and less trou- 
blesome than an engine using liquid fuels. 

Gas engines in all sizes from 1 to 150 horsepower 
are made with single cylinders, and from 150 to 
1500 horsepower they are made with two cylinders, 
or twin cylinders, as they are called. Engines of 
from 1 to 8 horsepower have vertical cylinders, while 
they are made from 4 to 2000 horsepower with 
horizontal cylinders. 

The Parts of a Oas Engine. — ^In a gas engine 
of either the vertical or horizontal type there are 
eleven principal parts, and these are (1) the frame; 
(2) the cylinder; (3) the ai/r valve; (4) the gas 
valve; (5) the exhaust valve; (6) the piston; (7) 
the connecting rod; (8) the cravJcshaft; (9) the 
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camshaft^; (10) the igniter; and (11) the governor. 

The Frame. — ^This is made of cast iron and on it 
rests the cylinder and crankshaft bearings. It must 
be heavy enough to prevent vibration and to keep 
the bearings from getting out of line. It is shown at 
A in Fig. 20. 

The Cylinder and Water Jacket. — The cylinder 
(see B) has a water jacket C fitted around it so that 





Fig. 20 — ^A, B, C and D. The Frame, Cylinder, Water 
Jacejit and Cylinder Head of an Otto Gas Engine 



water can be made to circulate between them. The 
cylinder has a ground tore, that is, it is ground out 
with an emery wheel instead of being bored out, and 
this permits the piston to fit much closer and of 
course this makes the compression better. 

The Cylinder Head. — This is also an iron casting 
and all of the valves are fitted in it and the igniter 
is mounted on it. The combustion of the fuel charge 

^A camshaft is usually called a gearshaft when on a sta- 
tionary gas or gasoline engine. 
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takes place in it and, hence, this part is called the 
combustion chamber. It is shown at D. 

The Air, Oas and Exhaust Valves. — These valves 
are called poppet valves, and are kept closed by 
spiral springs. They have flat, steel heads with 
beveled edges so that they will seat, that is fit tight, 
into the inlet and exhaust ports of the cylinder. 
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The Aw Inlet Valve. — The air and gas are taken 
into the cylinder through separate valves, when they 
mix inside of it to form the fuel mixture. The air 
valve is an auiom^itic suction valve, that is, it is a 
valve that ia opened by the auction of the piston at 
the same time that the gas inlet valve ia opened, and 
it ia kept closed during the other strokes by ihe 
spiral spring and the internal pressure on it. It is 
shown at E. 
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The Oas Valve. — This valve sets close to the air 
valve in the cylinder head, and it admits the gas 
into the cylinder at the same time the air is taken 
in by the suction stroke. It is opened at the right 
time by a cam working on the camshaft All that 
is needed is to connect a gas pipe^ with a gas cock 
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Fig. 20 — G. The Exhaust Valve 

in it, to regulate the supply of gas to the valve, and 
turn on the gas. It is the same as the air valve and 
is shown at F. 

Tlie Exhaust Valve. — ^As the burnt gases exhaust 
through this valve it gets very hot and it should 
therefore be water cooled. It is timed to open by 
and is worked from the camshaft by a cam and an 
exhaust lever. It is shown at G. 
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The Piston and Piston Rings. — The piston is 
made of the same kind of iron as the cylinder and 
is accurately ground to fit it. 

Different from a steam engine, the piston of a 
gas engine is long and hollow, with one end closed 
and the other open; again, instead of being packed 
with hemp or asbestos it has grooves cut in it and 
packing rings, or piston rings, as they are called, are 
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HEAD Pin 



slipped into them. These rings are also of iron and 
make the piston fit so closely to the cylinder, that the 
fuel mixture cannot leak by it. 

The piston has a crosshead pin, called a wrist pin, 
set across its center and on this the small end of the 
connecting rod is secured. The piston and piston 
rings are illustrated at H and I, and the wrist pin 
at J. 

The Connecting Rod. — Since the piston is long no 
piston rod, guides and crosshead such as are used 
in a steam engine are required, hence the piston is 
usually coupled direct to the crankshaft with a con- 
necting rod. How it is made is shown at EI. 
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The Crartlcshafi and Flywheels. — ThU shaft, see 
M., dianges the reciprocating motion of the connect- 
ing rod into rotary motion. It usually carries two 



COMN£CTINQ ROD 

K 



Plfl. 20 — K AND li. 



The CoNHBOTtNO Bod t 

FiXD 



flywheels, one on each find, and these are made very 
heavy, which help to keep the speed uniform. The 
crankshaft also has a pulley and a spiral, or worm 
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Fio. 20 — M. The CttiNKSHAir 



gear on it and the latter meshes with another spiral 
gear on the camshaft. 

The Cam or Oearskafi. — In vertical and some 
horizontal engines the valves and igniter for firing 
the fuel charge are worked by a reciprocating rod. 
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while in other horizontal engines the valves and 
igniter are operated by a rotating camshaft. It is 
shown at N. 

This shaft is driven by the crankshaft through a 
pair of spur or spiral gears. A bevel gear is keyed 
to the shaft which drives the governor, and the cams 
on it work the gas and exhaust valves and the igniter. 
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Fio. 20 — N. The Cam, ob Gear Shaft 



A horizontal Otto gas engine assembled is shown in 
Fig. 21. 

About the Ghis Supply. — Since the gas does not 
flow into the cylinder in a steady stream, but by 
the intermittent suction of the piston, the supply 
pipe must be sufficiently large to deliver enough gas 
for each charge. 

Not only this, but a rubber bag, as shown in Fig. 
22, is connected in between the gas supply pipe and 
the gas inlet valve of the engine. This bag acts as 
a reservoir and supplies all the gas that is needed 
for each fuel charge. For a small engine the bag 
should be protected by a wooden box, but for a large 
engine it should be enclosed in an iron casing. 
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Kinds of Ignition Schemei. — There are two kinds 
of ignition eehemes used on gaa engines to fire the 
fuel charge and these are (1) the hot tube igniter 
and (2) electric ignition systems. 

The Hot Tube Igniter. — This is a Bunple, but it 
is not a very safe, ignition scheme. It consists of 
a Bteel tube open at one end and closed at the other; 
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Fio, 21. A Horizontal Otto Oas Enqine Couplitk 



the open end is fixed in the cylinder near the head 
so that the fuel charge can reach it, and it is kept 
white hot by the flame of a Bunsen burner. 

The walls of the tube are about -h inch thick, 
it has an outside diameter of about % an inch, and 
a length of about 5 inches. An iron tube 1% inches 
in diameter and lined with asbestos sets around the 
hot tube to prevent the loss of heat; a lot of little 
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air holes are drilled near the lower end of the iron 
tube and just above them a %-inch pipe is screwed 
into it. This pipe is connected to a gas supply and 
this provides the flame to heat the tube. The whole 
scheme is shown in cross-section in Fig. 28. 

The way the hot-tube works is like this: the in- 
stant the fuel mixture is compressed either an igni- 



^ 



0AS3UP- W^^^^GAS 
PIYP/P£ W^COCK 




GAS/NLE7 
PtPE 

Inlet 

'ALV£ 



Fig. 22. How the Gas Is Supplied to the Enginb 

tion valve is opened by a cam on the camshaft or the 
piston slides off of a port or hole which opens into 
the tube. The fuel charge then rushes into the in- 
candescent tube when it is ignited, and the flame 
sweeps back into the cylinder and fires the charge. 
This hot tube igniter is a very decided improvement 
over Barnett's ignition cock, which I described in 
the first chapter. 
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Kinds of Electric Igniters. — There are two kinds 
of electric ignition systems used on gas engines, and 
these are (1) the wipe spark, or make and hreah 
system and (2) the jump-spark system^ 

Wipe Spark Igniters — The Battery and Spark 
Coil System. — Likewise, there are two kinds of 
vdpe spark igniters and these are (1) the battery 
and spark coil system and (2) the magneto system. 
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Pig. 23. The Consteuction op a Hot Tube Igniter 



Where a battery and spark coil is used the system 
is formed of four chief parts, namely, (1) the "bat- 
tery, (2) the spark-coil, (3) the igniter mechanism, 
and (4) the wipe spark electrodes. 

The battery consists of half a dozen dry, Edisorir 
Lalande or storage cells. The spark-coil, or kick-coil 
as it is called, is the kind used for lighting gas jets, 
that is, it is made up of a single coil of No. 16 or 18 
insulated copper wire wound on a soft iron core. 
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The purpose of this coil is to raise the voltage, that 
is, the pressure of the battery current, so that when 
the circuit is broken it will give a good hot spark. 
This the coil does by the action of the current on 
itself as it flows through the adjacent turns of wire, 
and the higher tension current thus set up is called 
the eodra cyarent 

The wipe spark electrodes consist of a fixed con- 
tact point and a movable contact point, both of which 
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are mounted on a flange; this is bolted to the head 
of the cylinder so that the electrodes are inside of 
the latter and the binding posts of the electrodes and 
the lever which works the movable electrode are out- 
side of the cylinder head. The fixed and movable 
electrodes are well insulated from each other so that 
the current will not short circuit. The scheme is 
shown in Fig. 2^. 

The igniter mechanism is simply a lever worked 
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by the camshaft which presses against the interrup- 
tor lever with the movable electrode on it tmtil the 
latter makes contact with the fised electrode and 
the circuit is then closed. 

At the right instant the pressure on the movable 
electrode lever is released and a spring makes it 
snap back, thus wiping the fixed electrode and break- 







Fig. 25. Tee Uechanisu or thk Wipe Sfabe Iokiteb 
A, CiQM Section of the Wipe Spark Igniter. B, The Igniter 
Besdy to Use. 



ing l^e contact between them, and this makes a spark. 
An Otto igniter is shown at A and B in Fig. B5, and 
the mechanism working it is shown at A and B in 
Fig. S6. 

Low Tension Maigneto System. — A magneto eleo 
trie machine, or just magneto for short, ia a ma- 
chine which generates electric alternating currents. 

There are two kinds of low tension magnetos made, 
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and tliese are used for generating currents for wipe 
Bpark ignitera, as they are far less troublesome than 
the battery and spark-coil system. Named, these 
two types of low tension magnetos are (1) the rotat- 
ing magneto and (2) the oscillating magneto. 

The Low Tension Rotating Magneto. — ^A magneto 
of this kind is built up of two main parts and these 
are (1) the field magnet and (2) the armature. 




Fia. 27. The Low Tensioh Sotatiho Asuatobx Kaoheto 
A, Permanent Field Magnet. B, The Anuature Core. C, 
Single Coil ot Wire Wound on the Armature. D, The Hagneto 
Complete. 

The field magnet is merely a powerful, permanent 
horseshoe magnet, as shown at A in Fig, 27, and tihe 
armature ia a cylinder of soft iron with grooves cut 
lengthwise in the opposite aides of it and having a 
shaft throng it, as shown at B. 

A single coil of fine insulated wire is wound in 
the grooves of the armature and the ends are con- 
nected to brass collector rings, called sliprmgs, on 
the shaft, see B and C, but which ^re insulated from 
it and from each other. The shaft sets in a pair of 
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bearings so that the armature can rerolve freely he- 
tween the poles of the magnet. A strip of copper, 
called a brush, presses on each one of the slipringa 
and a wire leads off from the fixed end of each one 
of the brushes, as at C. The magneto complete is 
shown at D. 

If the armature is rapidly rotated low tension 
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Fio. 2S — A. A Low Tbnsiok Oacn.i.ATnio Uaoketo 
A, The Control Meehaniam of a Low Tensioa Uagneto. 



electric currents will be set up in the coil of wire on 
it bj the magnet and these will flow to the slipringa, 
where they will be taken off by the bruahra ; if now 
the ends of the wires are connected together low 
i&MMn, that is, low pressure, currents will flow 
tbrongh the circuit thus formed, but when it is used 
to produce sparks the wires are connected to the fixed 
and movable electrodes. 
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The Low Tension Oscillating Magneto. — The term 
oscUlatin^ magneto meana that the armature oscO- 
laies, that is, turns to and fro through a small are 
instead of rotating continuously aa in the magneto 
juat described. 




Pio. 28 — B. A Low Tension OsciLLiTiNo Maqnbto 
B, The OBCillating Magneto on a Gas Engine. 



This rocking motion is accomplished by an arm 
diat pushes the armature back a few degrees, when it 
is tripped by a lever and is then suddenly pulled 
around by a pair of powerful spiral springs. The 
whole scheme is shown at A and B in Fig. 28. This 
type of magneto is better than a rotating magneto 
only in that it is much easier to start the engine. 
49 



GAS, GASOLINE AND OIL ENGINES 

Jnmp Spark Ignitem. — This type of ignition ap- 
parataa is largely used on gas engines. There are 
fwo kinds of jump spark syatems in vogue, and ihese 
are (1) the hatiery and jump spark coU system, and 
(2) the high tension magjieto system. 

The Jump Spark Coil System. — ^This is formed 
of (1) a dry, EdiatittrLalande or a storage battery; 
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(2) an induction coil, or jump spark coU as it ia 
called; (3) a timer, and (4) a spark-plug. 

The jump-spark coil is built up of two coHs of 
wire, the first of which ia of heavy insulated wire, 
called the primary coil, and this ia wound on a soft 
iron core, while on the primary coil, but insulated 
from it, is wound a coil of fine wire called the see- 
onda/ry coU. An tnterruptor, generally called a vi- 
hraior, is worked by the core of the coil and this 
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makes and breaks the primary circuit several hnn- 
dred times a minute. A diagram of the battery and 
jump spark coil system is shown at A in Fig. 29. 

Now when a rapidly interrupted battery current 
flows through the primary coil it sets up Jiigh tevr 
sion currents in the secondary coil, and the pressure 
of these currents is high enough so that, if the ends 
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of the secondary coil are separated a distance of 
% of an inch, a spark will jump between thenu 

If, now, the current from the battery was per- 
mitted to flow through the spark coil all of the time 
it would spark continuously. To make it spark only 
when it is needed to explode a fuel charge a timer 
must be connected in circuit with the battery and the 
primary coil. 

In its simplest form the timer consists of a cam 
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mounted on the camshaft; the cam presses against 
a spring which is fized at one end and has a contact 
point on its free end. When the corner of the cam 
strikes the spring it presses it against the stationary 
contact and this closes the primary circuit. 




The spark-plug, see £ and C, is simply a metal 
tube with threads on the outside to permit it to be 
screwed into the head of the cylinder and inside of 
which a porcelain tube is fixed. A heavy wire is 
secured inside of the porcelain tube, one end tenni- 
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Dating in a binding post and the other end projecting 
out y^ of an inch. To the lower part of the metal 
plug another heavy wire is soldered and the ends of 
these two wires form a spark-gap about -h of 
an inch long, and they are connected to the ends of 
the secondary coil, as shown at A. 

It is not necessary to use a wire to make a con- 
nection between the metal parts a£ the spark-plug 




Fio. 30. — C. A Bosch High Tension Maonxto Couflxtx 



and the secondary coiL Instead, what is called a 
ground is used, that is, the metal part of the spark- 
plug makes connection with the iron of the engine, 
and hence aU you need to do to complete the circuit 
is to fix the other end of the secondary coil to any 
part of the engine where it is convenient to do so. 

The High Tension Rotating Magneto, — To set up 
currents whose tension is high enough to make a 
jump spark with a magneto the armature must have 
two coils of wire wound on it just like the battery 
spark coil above described. 
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In this kind of a magneto when the armature ro- 
tates the primary coil on it sets up low tension cur- 
rents so that no battery is needed, and these currents 
induce high tension currents in the secondary coil 
which is wound around it Different from a spark 
coil, though, one end of the primary coil is con- 
nected to the iron core of the armature, that is, it is 
grounded, and the other end of the secondary coil is 
connected to a brush which presses on a slip-ring; in 
this way only one ring and one brush are needed, as 
shown at A and B in Fig. SO. A cross-section of a 
high tension magneto is shown at B and the magneto 
complete at C, 

Where a stationary engine has two or more cylin- 
ders it is the usual practice to provide each one with 
a complete ignition system so that in this way they 
work independently of each other. 

Governors and How They Work. — Two types of 
governors are used for keeping the speed of the 
engine steady, and these are (1) the hit and miss 
governor and (2) the throttling governor. 

The Hit and Miss Oovemor. — ^It is so called be- 
cause it allows the cam to open the gas inlet valve 
when the engine tends to slow down and keeps the 
valve closed when the engine begins to run too fast. 
If the load is at all variable the engine will very 
often miss firing its fuel charge and then perhaps fire 
it several times in succession. 

How the Governor is Made. — There are many dif- 
ferent forms of this type of governor, but a good 
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and simple one is that used on the Otto engine, and 
this will serve to show the principle on which the 
others work. 

It consists of (1) a pair of flyballs; (2) a conical 
weight to hold (3) the governor shaft down; (4) a 
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Tia. 31. Fltball Hit and Uiss Gotebnob 
A, A Diagram of the GoTemar. B, Otto Qovemor. 

heveled gear on the lower end of the shaft to rotate 
the flyballs, and this gear meshes with (4) another 
heveled gear on the camshaft. On the shaft is (5) a 
sleeve with a groove cut in it, and in this sets (6) the 
forked end of a horizontal lever, to which is fized 
(Y) a vertical lever with a fork on its free end. 

This latter forked lever straddles (8) a thin steel 
wheel called a gas roller, which is mounted on a 
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roller shaft Under the gas roller and on the cam- 
shaft there is (8) a cam; the roller shaft, which is 
hollow, slips over (9) the pin of a crank, or roller 
lever, as it is called, and finally this is fixed to (10) 
the gas valve lever, the arm of which rests on the end 
of the gas valve poppet, all of which are shown at 
A and B, in Fig. SI. 

The Way It Works. — When the engine is running 
the balls are rotated by the' vertical shaft by means 
of the beveled gears and the weight tends to hold the 
shaft down against the centrifugal force which makes 
them fly apart. 

When the balls spread apart they lift up the 
grooved sleeve and, as the fork of the horizontal lever 
rests in the groove, it moves up with it ; in turn this 
moves the vertical forked lever, which is fastened to 
it sidewise. When this action takes place the fork 
slides the roller over and makes it miss the cam on 
the camshaft. 

The result is that the gas valve lever remains 
closed and hence the gas valve misses, that is, it does 
not take in any gas on the suction stroke. 

But as long as the speed is right the balls do not 
fly apart wide enough to throw over the lever and 
the roller, the cam strikes it and the gas valve lever 
opens the gas valve. 

The Throttling Governor. — This governor also 
has a pair of flyballs which are rotated in the same 
way as in the governor described above. The ver- 
tical shaft with the grooved sleeve works a lever that 
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opens and doses a g»s Tah«^ or OiniSe, ^ ii ii 

called, in tbe gas sap^ ^pe innre cr less i& order 

to keep the speed unifoim. Ii i< ^icvzi zx i^ip. ZS^ 

How the Engiiie is CMled. — ^I^ AW pcrs cf 

the engine to be oikd a?e ^ 1 • ^^ posicjOL. * ± i5at 
crankshaft bearings, and i 3^* the erirrt^giiiig Tyi riatr- 
ings. Besides. tbcTe are nsaepi^cs cczer «TA''i>ig' 
moving parts idiidi most be h3iz'iea::;ed. 
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The piston and tbe wrist pin are Idxy^arjsd \j 
a ^%< feed oU cup, that is^ an c€I csp iriE^ f^^Cf 
down the oil drop by drop ai:]d viS^ Ls^s a. ».» 
window in it so that vca can see it^ rt:^ zz. ^^trz^JSL, 
the oU flows. An oil ccp of tLis rixid Lai *r:^ies a 
regulating screw, or a handle, cc: v^ frr ^:jci t£^ 
oil can be fed as fast cr as sknr as ft i$ v^^A^A^ or 
shut off entirely. It is diown at A ai^i B ir; Fi-x ^i'^ 
and its position on the cylinder is diown at ^. Tli» 
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piston has a groove cut in its periphery and as this 
passes the oil duet it fills with oil, and so lubricates 
the piston and the cylinder. 

The bearing of the connecting rod on the wrist 
pin is lubricated by an oil tube from the same oil 
cup, which sets in the piston over and directly in a 
line with an oil pipe in the bearing, and this is also 
shown at B. 

The bearings of the crankshaft are lubricated 
either by (1) sight feed oil cups or (2) by ring 
oilers, A ring oiler has an oil well, or reservoir, 
which is filled with oil and a metal ring which is 
large enough so that when it is hung on the shaft 
the lower edge dips into the oil, as shown at C. 

As the shaft revolves the ring turns a little at a 
time with it and carries oil to the bearing as it moves 
round. With this system of oiling there is never any 
danger of hot boxes. 

The bearings of the connecting rod on the crank- 
shaft are oiled by a wiper oiler. A sight feed oU 
cup is mounted on an upright rod, or on the crank- 
gua/rd, that is, a heavy metal sheet arched over the 
crank. The wiper consists of an oil tube set in the 
crank-pin bearing and having in it a piece of lamp- 
wick. 

As the crank revolves, the lampwick strikes the 
open end of the oil cup pipe and wipes off the oil. 
When the wick is soaked with oil it reaches the 
bearing and the crankpin and keeps them lubricated. 

The numerous other small parts to be lubricated 
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are oiled hj small oil cups or by liand through oil 
holes. 

Kinds of Water Clrculatlnef Syatems. — There are 
two simple ways to keep water circulating around 
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'A, End Vien of tiie Engine. B, Sida View ol the Engine, 
C, Top Viev of the Engine. 



the cylinder to keep it cool, and theae are (1) by 
using a stream of city water, or water that is under 
pressure from any other source, and (2) by employ- 
ing a water tank. 

Using a Steady Flow of Water. — ^Where a steady 
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flow of water can be had it is simply piped into tiie 
cylinder jacket throi^h a cock at its lower end; the 
heated water is then carried o£F by a spont near the 
top of the jacket, as shown at A, B and in Fig. SS, 
when it empties into a funnel and is carried away 
by the waste pipe to a sewer. 
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The Cooling Tank, or Therm»-8iphon System. — 
Where flowing water is not available engines of from 
1 to 15 horsepower can be cooled by means of a tank, 
as shown in Fig. SU- 

When the water in the cylinder jacket heats up 
it gets lighter and rises through the pipe into the 
tank, while the cold water, since it is the heaviest, 
falls to the bottom of the tank and then flows on back 
into the cylinder jacket. In this way the water is 
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circulated, or siphoned, by its thermal action, that 
is the action of the heat itseK. 

^e Exhaust Pot and Exhaust Pipe. — When the 
burnt gases in the cylinder are exhausted directly 
into the air they sound like the staccato reports of 
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Pig, 35. The Exhaust Pot or a Gas Enqihb 

a Lewis machine gun mowing down a detachment 
of hockes. 

To silence these noises an exhaust pot is used, and 
this is simply a large iron, or other vessel, as shown in 
Fig. S5, into which the burnt gases are driven by the 
exhaust stroke; they then expand in it until the 
pressure they exert is just about that of the atmos- 
phere, when they exhaust into the open air without 
noise. 



CHAPTER IV 

STATIONAEY AND POBTABLB GASOLINE ENOmBS 

It is clear that if you want to develop power with 
an internal combustion engine and natural or artifi- 
cial gas is not available, or if you want an engine 
of this type that you can move about, or that will 
move you about, you must have one that will bum 
some kind of liquid fuel. 

Now gasoline for any one of a number of excel- 
lent reasons is the ideal liquid fuel and hence, it 
is largely used for running stationary and portable 
engines up to 30 horsepower. 

Stationary and Portable Engines Defined. — ^A star 
tionary engine is, as everybody knows, one whose 
position after it is once set remains so, that is, it is 
intended to stay and run in a fixed place. 

A portable engine is simply an engine of the sta- 
tionary type which is mounted on skids or on a hand 
or horse-drawn truck, as shown in Fig. 36, so that 
it can be hauled about by some other power than its 
own and used wherever it may be needed. 

Difference Between a Oas and a Gasoline En- 
gine. — The chief mechanical difference between a 
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gas and a gasoline engine of the stationary type is 
ttat in the former gae is admitted directly into the 
cylinder of the engine without the use of any inter- 
vening or accessory apparatus, while in the latter 
means must be provided for (1) storing the gasoline; 
(2) hringing it to the cylinder, and (3) treaking it 




FiS. 36. A PORTASLB Oaboune Enqine 



up itito a spray so that it will mix with air to form 
the fuel mixture. 

Further, a gasoline engine is exactly like a gas en- 
gine in that it has the same bind of inlet and exhaust 
valves, governor, ignition and oiling systems. 

A hot-tube, or hot ball igniter must not be used on 
a gasoline engine, but any one of the electric igniters 
of the kinds described in Chapter II is well adapted 
to fire a gasoline fuel charge. In stationary gaso- 
line engines the cylinder cooling systems used are 
identical with those employed with gaa engines. 
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But for portable engines, a hopper, or iron box, 
is usually secured to the top of the engine and this 
holds the supply of water which is circulated by the 
thermo-sypkon system as explained in the preceding 
chapter under the beading of Cooling Tanks. 
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How the Oasoline System Works — The Gasoline 
Supply Tank. — The tank that holds the supply of 
gasoline can be set either (1) above the engine when 
it is fed into the cylinder through the gasoline valve 
by gravity, or (2) below the level of the engine when 
it is pumped to the gasoline valve and is then drawn 
into the cylinder. 
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The Gravity Feed System. — For small engines the 
gasoline tank can be placed above the engine as 
diown in Fig. 57. 

The Pump Feed System. — For larger engines the 
gasoline tank must be buried in the ground or placed 
in a brick-lined vault outside of Uie building con- 
taining the engine. 

OVSffFtOW 
CUP 




To make the gasoline supply perfectly safe the 
tank muBt be below the level of the gasoline pump a 
foot or BO, and it should be at least 30 feet away 
from the engine. The filler should project above t^e 
ground, and the gasoline cock in the pipe line which 
leads to the pump must be easily ge^at-able. It i» 
shown at jl in Fig. S8. 
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The gasoline pump is of the ordinary plunger 
kind, like those used for pumping water, and it is 
worked by an eccentric on the camshaft, as shown at 
B. The piston rod of the pump has a handle at- 
tached to it, so that enough gasoline to start the en- 
gine can be pumped by hand should it be needed. 

The pump draws the gasoline from the bottom of 
the supply tank into an overflow cup, that is, a small 
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vessel which holds about % a pint of gasoline and 
sets above the engine. The excess gasoline that is 
pumped into the overflow cup runs back to the tank 
through a return pipe. The gasoline flows by grav- 
ity from the inside of the overflow cup to the gaso- 
line valve. 

The Gasoline Valve. — ^Numberless schemes have 
been devised to break up the gasoline into a spray 
and mix it with the right amount of air to make the 
fuel mixture. 

For a stationary gasoline engine a very simple and 
satisfactory device for this purpose is to use a needla 
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valve and set it into the casing of the fuel inlet valve 
just back of the valve head, as shown in Fig. 39, 

A needle valve is merely a Bmall tube one end of 
which is formed into a nozzle vfiik a little hole in 
it. A small rod, or needle, with a tapering point, 
sets in the tube and can be adjusted so that the 
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amount of gasoline flowing through the nozzle can 
be varied. The end of the needle valve tube that 
projects outside of the cylinder is connected to the 
overflow cup by a length of pipe. 

The way the gasoline valve works is like this: 

when the fuel inlet valve opens the suction stroke 

draws the gasoline from the overflow cup through 

the gasoline valve into the cvlinder in a spray. The 
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minute particles are vaporized by the heat when they 
readily mix with the air which is taken in by the 
air valve at the same tima 

As the fuel inlet valve is controlled by the gov- 
ernor in the same way as the gas inlet valve on a 
gas engine, just enough gasoline is taken into the 
cylinder to drive the engine under all conditions 
of load, be it light or heavy. 



CHAPTER V; 

MOBILE GAS0LII7E EKGINES 

Mobile gasoline engines are those madel small^ 
light and strong enough so that they can be used to 
power motorcycles, motor cars, motor boats and air- 
planes and drive these various vehicles over land, 
water or through the air. While these mobile en- 
gines work on the same general principle as sta- 
tionary gasoline engines, yet they differ greatly in 
detail and each type must be designed for the spe- 
cial work it has to do. 



PAET I 

THE MOTOEOYOLE GASOLINE ENGIKB 

All motorcycle engines are built on the four stroke 
cycle principle, and they are made with one, two, 
four and eight cylinders.^ The one and four cylin- 
der engines are of the vertical type and the two and 
the eight cylinder engines are of the V type, as 
shown in Fig, J^O. 

The Fuel Supply System. — The gasoline system 
or fuel system, as it is called, consists of two chief 
parts, and these are (1) the tank, which contains the 
supply of gasoline, and (2) the carburetor, which 
regulates the amount of gasoline used, breaks it up 
into a spray as it is needed and mixes it with air to 
make the fuel mixture. 

The Oasoline Supply Tank. — In motorcycles the 
tank is always set above the engine and the gasoline 
is fed into the carburetor by gravity. 

Why a Carburetor is Used. — Instead of the sim- 
pie gasoline valve which is used on stationary en- 
gines, all mobile gasoline ejngines employ a more 

* The eight cylinder motorcycle was a racing machine built 
by the Curtiss Co., of Buffalo, N. Y. 
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complicated but better device for the piirpoaBj called 
a carburetor. 

The reason a gasoline valve cannot be Tiaed is that 
it delivers the same amount of fuel to the cylinder 




Fig. 40. Twin Cylindeb T Type Motobcycle ENSitia 

each and every stroke unless it ia regulated by a 
governor, -while with a carburetor the amount of gas- 
oline needed for varying loads can be r^ulated to a 
nicety -without a governor, which, indeed, could not 
be used because the speed of the engine must be 
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variable at all times and under the control of the 
operator. 

How a Simple Carburetor Works, — A in Fig. ^1 
shows a diagram of a carburetor in its simplest form, 
so that you can understand it. It ia made up of 
(1) a float chamher; (2) a float valve; (3) a nozzle; 
(4) an air irdei pipe, and (S) a mixing chamher. 
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The £oat chamber ia connected to the supply pipe 
'which leads to the tank of gasoline. It has a needle 
valve in it and this ia fixed to the hollow metal float ; 
when the float is down the gasoline from the tank 
Hows into the float chamber and as it fills the float 
rises until the needle valve cuts off the supply. 

There is an air t t in the float chamber so that 

it will not * 'ond and ^hus prevent the gaso- 
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line from rmmiiig into or out of it. It also has a 
priming pin, with which you can press the float down 
and fill the float chamber full of gasoline, or flood it, 
as it is called, when you want to start the engine. 
'- The float chamber is connected to the nozzle with 
a pipe and when the gasoline ia drawn through the 
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nozzle by the auction stroke of the engine it foims a 
spray as shown at A. But to break up the gasoline 
into minute particles and make an explosive mixture 
of it, air must be drawn up and mized with it at the 
Bame time. 

To give the gasoline the required amount of air 

a large air-pipe, which is open at one end, encloses 

the Bpray-jet at the other end. This pipe is bent and 
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is constricted, that is, it is made smaller just above 
the jet and this gives the air a higher pressure when 
it is drawn through the pipe because it also forms a 
kind of a nozzle. 

At a point just above the constriction the tube is 
enlarged to form a space for the air and gasoline to 
mix in and hence this part of the carburetor is called 
a mixing chamber. An inlet pipe connects the mix- 
ing chamber of the carburetor with the cylinder of 
the engine as shown at jB. Where two or more cyl- 
inders are to be fed at the same time the pipe 
branches out and it is then called a manifold. 

How a Regular Carburetor is Made and Works. — 
While a real carburetor is made and works exactly 
like the simple one I have described, it is built much 
more compactly and it has one or more auxiliary air 
valves to regulate to a nicety the amount of air 
needed for high and low speeds. The construction of 
the automatic auxiliary air valve is also shown at A 
and B. It is simply a valve working against a com- 
pression spring ; when more air is needed the suction 
of the piston opens it and when enough air has been 
drawn in the spring closes it. 

The main, or primary air irdet of the carburetor 
has a butterfly valve in it, so that the air can be shut 
off to make it easy to start the engine and to make a 
rich or a lean fuel mixture, as desired. Finally, a 
throttle valve is set in the top of the mixing cham- 
ber so that the amount of fuel mixture which goes 
to the cylinders can be regulated and the speed of 
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tlie engine controlled. A throttle rod ixma to ite 
handle-bar of the motorcycle so that the rider can 
work the throttle. 

A cross-section of a Stromherg carbnretor is 
shown at A in Fig. JiS, and it is fitted with many 
little refinements such as a needle valve adjusting 
screw, a gasoline strainer, drain cock, hot-air horn. 
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etc. A view of the carburetor complete is shown 
at B. 

The Eleotrio Ignition System, — The only tyx>e of 
ignition system used on motorcycle gasoline engines 
is the jump-spark. 

As in stationary gasoline engines there are two 
kinds of jump-spark systems used on motorcycle en- 
gines, and these are (1) the jump-sparkcoU system, 
and (2) the high tension magneto system. 
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On the cheaper makes of motorcycles the jump- 
spark coil system is used, while the better makes are 
equipped with the high-tension magneto-system. The 
jumihspark-coil system and the Hgh-tension system 
used on motorcycle and other mobile engines work 
on the same principle as those described in connee- 
tion with gas engines. 



\ 


i 4 


"^ ^ "/•_ "p 


%^=^^t^^ 


FLOAT /rt ^ 


r 


.P-^^'-^Sc. 


CHAMB^^^^ 


^ x5^^ 


GflSOUN£ te^ 


.C8^fcf,r 


UN£ -*c80^ "^TtZ^y-JJ 


CQCK ^^S^ 



Pio. 42 — ^B. Pebsfegtivb of ▲ Stbombekq Gabbubetob 



The Ignition Timing System of a Multi-Cylinder 
Engine. — ^Where a jump-spark igniter is used on a 
single cylinder engine a timer, or interruptor, as it 
is called, is used to make and hrecJc the primary 
circuit, as previously explained, but where two or 
more cylinders must be fired successively a revolv- 
ing timer, or distributor, as it has been named, is 
employed. 
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A distributor consists of a disk around which are* 
fixed as many metal contact segments as there are 
cylinders to be fired, and each segment is connected 
by a wire with a spark-plug, as shown at 4 in Fig. 
JtS. 

A metal contact arm is pivoted to the center of 
the disk and the former makes contact with some 
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part of the engine, that is, it is grounded, so that it 
will form a connection with the spark-plugs. 

The contact arm is turned by the camshaft and 
makes one complete revolution to every two revolu- 
tions of the crankshaft. Now every time the arm 
makes contact with one of the segments of the disk 
a spark takes place between the electrodes of the 
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spark-plug that is connected "with that particular 
segment all of which is clearly shown at B. 

A lever is attached to the disk of the distributor 
and goes up to a control lever on the handle-bar, so 
that the disk can be moved ahead or set back, when 
the spark will be advanced or retarded, as the case 
may be,^ 
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Kinds of Lubricating Systems. — There are two 
schemes used for oiling motorcycle engines, and these 
are (1) the splash system and (2) the force feed sys- 
tem. 

^The theory of advancing and retarding the spark is ex- 
plained in Keeping up with Your Motor Car by the present 
author and published by D, Appleton & Co., New York. 
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The Splash System. — Thia is a flimple aystem for 
oiling tKe working parts of a mobile internal com- 
buation engine but it must be looked after rather 
clOTely. In this system the oil is (1) poured into the 
crank-case through an opening called a breather; (2) 
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it is fed into it from a tank by gravity, or (3) it is 
forced into it from a tank by a pump. 

The oil is then splashed into the cylinder and onto 

the connecting rod bearings by little scooys, or spoona, 

fixed to the lower ends of the connecting rods which 

dip into the oiL It is shown in F^. ^ 
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The Force Feed System. — All the finer makes of 
mobile engines for all purpcees use the force feed sys- 
tem of lubrication, or mechanical oilers as they are 
sometimes called. 

In this system the oil is put into a well in the bot- 
tom of the crankcase, or sump as it ia called, and 
from theio it is forced by a pump worked by the en- 
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f^e through an oil tube above and parallel with the 
crankshaft 

From this tube the oil is forced or flows tbrou^ 
ducts, or holes, in the crank-webs to the crankshaft 
bearings, on through to the crank-pins and throo^ 
hollow connecting rods to the wrist-pins. The pis- 
tons are kept lubricated by the oil that runs out and 
which )8 thrown from the lower ends of the connect- 
ing rods. The whole sdieme is shown in Fig, iS. 
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Cylinder Cooling Schemes. — There are two kinds 
of cooling systems for keeping down the heat of mo- 
torcycle engines, and these are (1) the air cooling sys- 
tem and (2) the water circulating system; then there 
is (3) a combination of these two systems. 

In air-cooled engines the cylinders are either cast 
with thin parallel rings around them or else have 
copper rings fixed to the outside walls as shown in 




Via. 46. A BiNG Am Cooled Ctlindeb 

Fig, Jf,6. When the engine is running the rings get 
hot and the heat is radiated by them into tbe air. 

As the water circulating and combined air and 
water cooling systems are seldom found on motor- 
cycle engines but are used on every make of motor 
car engine, with one or two exceptions, these systems 
will be described under the next section which treats 
of motor car engines. 

How the Muffler is Made and Works. — The muf- 
fler ^ of a motorcycle engine must be small and light. 
To provide such a muffler six or more baffle plates 

^ The muffler is a silencer and is used in mobile engines 
instead of the exhaust pot 
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yrUa holes drilled tbroogh them on (^posite sides aie 
bolted together and to a head, as shown in Fig. i7, 
and the exhaust pipe is screwed into the latter. 

Kow when the exhaust gases are discharged from 
the exhaust pipe or manifold, the gases pass through 

^PORT OF 




Fio. 47. A Mnrrus n>B a Motorcycle 



the holes in the first baffle plate, &en the next, and 
ao on until they reach the outside air. This arrange- 
ment of plates makes the streams of gases change 
their direction and breaks them up haU-a-dozen 
times before they reach the outside air, and by this 
time the force of them is quite eSectively dissipated. 



PAET II 

THE MOTOB CAB GASOLIITE ENGINB 

The four cycle engine is the only type used for 
motor car engines, and all of them have from four 
to twelve cylinders, or twin sixes as the latter are 
called, and these are of the V type. 

About the Fuel Peed System — Kinds of Feed 
Systems. — There are three kinds of fuel feed sys- 
tems used on motor car engines, and these are (1) the 
gravity feed, (2) the air pressure feed, and (3) the 
vacuum feed system. 

Tke Gravity Feed System^ — As in stationary and 
motorcycle engines a gravity feed is sometimes used, 
in which case the tank is placed under the front seat 
of the car, when it is, of course, higher than the car- 
buretor. 

The Air Pressure Feed System. — ^In this system 
the gasoline tank is placed back of the rear axle and 
it is lower than the carburetor. Air is pumped into 
the tank either by a hand pump or by a pump driven 
by the engine, until it is under three or four pounds 
pressure, when the compressed air forces the gaso- 
line into the carburetor. The scheme is shown in 
Fig. 48. 
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The Vacuum Peed System. — The supply tank in 
this Bjstem is likewise placed ba<^ of the rear axle 
and below the level of the carburetor. 

The gasoline is drawn from the supply tank into 
a small fuel tank, which sets above the carburetor, by 
the Tacumn produced by the 8<^ction of the pistons 
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in the cylinders. The fuel tank has a float with a 
valve on it which cuts off the gasoline from the 
supply tank when the former is partly filled. 

The fuel tank is connected to the carburetor and 
the gasoline flows into the latter by gravity. This 
system is shown in Fig, 4^9. 

The TTse of the Carburetor. — The carburetor is 

identical with the one described in the beginning of 

this chapter. The amount of fuel mixture admitted 

84 



MOBILE GASOLINE ENGINES 

into the cylinders is controlled by a hand throttle 
and a foot accelerator, both of which are connected 
with and operate the throttle valve in the carburetor. 
The Ignition System. — The jump-spark system is 
the only type used on motor car engines; but there 

are (1) the battery and spark coil system,, (2) the 
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high tension magneto, and (3) the circuit hreaJcer 
spark coil system. 

The battery and spark-coil system, which is the 
same as that used in stationary and motorcycle en- 
gines, has all but been displaced by the magneto and 
the newer circuit breaker spark coil systems. Many 
motor car engines are equipped with this system 
alone while some of the better engines have both it 
and the high tension magneto, the last named also 
having been explained in Chapter IIL 
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In the Circuit Breaker Spark-Coil ignition sys- 
tem a spark coil made exactly like the battery spark 
coil is used, but it has no vibrator on it. 

The circuit breaker is formed of a cam which has 
as many comers on it as there are cylinders to be 
fired. This cam is fixed to a shaft which is geared 
to the camshaft of the engine and this takes the place 
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of the vibrator, in fact it acts exactly like the inter- 
rupter on a magneto. 

The distributor is the timing device and it is made 
like the one described in connection with the mag^ 
neto. The contact arm is rotated by the same shaft 
that carries the cam of the circuit breaker. The 
spark-coil is energized by a storage battery, which 
also delivers current for the electric starter and the 
electric lighting system. Fig. 50 is a diagram of 

the system. 
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En^e Cooling Syateins, — Since only a Htnpn 
amount of water can be carried to cool the engine it 
must itaelf be cooled by some means, and this is done 
by a radiator. 

A radiator is built in one of two differrait ways, 
namely, (1) with small vertical pipes through which 
the heated water flows and which are cooled by the 
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air blowing on them, or (2) with horizontal pipes 
around which the heated water flows and which are 
cooled by the air blowing through them. The first 
kind is called a tvhtHar radiator and the second is 
called a celhdar radiator, and these are shown at A 
and B in Fig. 51. 

There are two ways in which the water in the radi- 
ators and the jacketed cylinders is kept circulating, 
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and these are by (1) the thermo-sipTvon system and 
(2) the pump cirddating system. In the former the 
water is kept circulating by the heat itself in exactly 
the same way as in the cooling tank system described 
in Chapter III. In the latter it is forced through the 
radiator and the jacketed cylinder by a rotary pnmp. 

About Lubricating Systems. — Both the splash 
and force feed lubricating systems which are used 
for oiling motorcycle engines are likewise employed 
for oiling motor car engines. 

Besides the two above distinct types there are three 
other kinds of systems derived from them^ and these 
are (1) the splash circulating, (2) the splash and 
force feed and (3) the full force feed. 

In the splash circulating system the oil is put into 
the sump, or reservoir of the crankcase. Troughs 
are cut in the floor of the crankcase and the flywheel 
which runs in the oil sump keeps the troughs full of 
oil ; the connecting rods dip into them and splash the 
oil into the cylinders as before ; the oil is also carried 
up and into the oil tube which oils the bearings. 

Where the splash force feed system is used the oil 
is forced by a pump through an oil tube into the 
crankshaft bearings and from these the oil drops back 
into the splash troughs in the crankcase and the con- 
necting rod splashes it to all parts of the engine. 

The full force feed system is the only one where 
the splash is not used. The oil is pumped from the 
sump through an oil tube to the bearings and then it 
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runs through ducts in the crank-webs to the crank- 
pins and, finally, through hollow connecting rods.* 
The Construction of the Muffler. — ^A motor car 

muffler is made on the same principle as that of a mo- 
torcycle muffler but as room on a motor car is not at 
a premium it is made considerably larger, 

A simple muffler consists of two or more pipes 
fixed one in the other ; each pipe is closed at one end 
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Fio. 52. A Muffles fob a Motob Gas 



and holes are drilled through near the end that is 
closed, as shown in Fig. 52. 

When the waste gases exhaust from the cylinders 
into the inside pipe they shoot to the end of it and 
then pass out of the holes into the second pipe ; they 
next flow out of oppositely disposed holes, which 
change their direction, and finally they escape silently 
into the open air. 

^AU of these etystems are explained and pictured in de- 
tail in my book Keeping Vp with Yow Motor Car, published 
by D. Appleton & Co., New York. 
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Hand and Electric Starters. — Motor car engines 
are started either (1) by hand or (2) by an electric 
motor. 

Hand Starters. — A few small new cars and a lot 
of the old-timers have engines with ratchet handles 
to crank them, and these are thrown out of gear the 
instant the ^igines start. 

The Electric Starter. — Every np-to-date engine is 
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Fio. 53 — A. Wiring Duosau roB an Euctbic Stasia 

equipped with an electric starter, and this is formed 
of four pieces of apparatus, namely, (1) a storage 
battery, (2) an electric motor, (3) a motor drive, and 
(4) a starting switch, and these are connected up, as 
shown at A in Fig. 63. 

The storage battery is formed of prepared lead 
plates, or girds, immersed in a weak solution of snl- 
pburio acid, as shown at B. Three, six, or twelve 
cells of storage battery are generally used, and these 
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FiQ. 53 — B. How A Stobaqb Batteey Is Made 

muBt be chained with a current generated by a 
dynamo. 
Now a djnamo and a motor are made exactly alike. 
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Fig. 53— C. Thb ELBcrmc Ekoins Deivb 

and if you rotate the armature the machine will gen- 
erate a current, and then it is called a dynamo; on 
the otiier band if you paas a current through the 
91 



GAS, GASOLINE AND OIL ENGINES 

machine it mil rotate the armature and then it will 
be a motor. 

The motor drive i3 the mechanical part of the 
starter; it is formed of a screw gear mounted on the 
projecting shaft of the electric motor; it meshes with 
teeth that are cut on the rim of the flywheel of the 
engine, as shown at G, and demeshes from it after 
the engine is started. It is shown complete at D, 
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The switch is a simple device for opening and clos- 
ing the circuit. Now when you throw on the switch 
the storage battery energizes the motor and this screws 
the drive gear into the flywheel and turns it; as soon 
as the engine has started, the motor drive demeshes 
automatically; you release the switch and the elec- 
tric motor stops. When the engine is running the 
motor can then be driven by it, and it will then gen- 
erate current and charge the storage battery. 
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The Knight Sleeve Eiigme. — To get rid of the 
noise tliat the poppet valves make, Knight invented 
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an engine in which the inlet and e^auat ports are 
opened and closed by a sleeve that slides between the 
ciylinder and the piston. It is shown in Fig. BJf. 



PAET in 

THB MOTOR BOAT QASOUSTB ENGINE 

Gasoline engines for motor boats are of the two 
and four cycle types and are made with one, two, 
four, six and eight cylinders. 

The Fuel Peed Sjrstem Again* — The gravity feed, 
the air pressure feed, and the vacuum feed systems 
of fuel supply are all used on motor boat engines, and 
these are identical with those used on motor car en- 
gines. 

In small boats, the gasoline tank is often made to 
fit in the bow of the boat, and as this is higher than 
the carburetor the gasoline flows down by gravity. 
Where a larger supply of fuel is wanted a cylindrical 
pressed steel tank can be mounted on the boat back 
of the seat just as it is on a runabout car. 

The regular float valve carburetor is used on motor 
boat engines, and the speed of the engine is controlled 
by a throttle, that is, by a lever which opens and 
closes the throttle valve. On large engines the fly- 
ball type of governor is used, and by means of it any 
speed desired can be kept up. 

Electric Ignition Systems. — There are three kinds 

94 



MOBILE GASOLINE ENGINES 

of igniters used for firing the fuel charge of motor 
boat engines, and these are (1) the malee and breaJe, 
(2) the jump-spark coil, and (3) the magneto sys- 
tem. 

The make and break scheme of ignition is used 
on single cylinder engines. Where a make and break 
coil is used the timer is worked by an eccentric on 
the camshaft. It is preferred to a high tension sys- 
tem, as it is not as easily short-circuited by water. 

The jump-spark coil system is practically obsolete 
on motor boat engines, the more positive and less 
troublesome magneto having all but superseded it. 

The Oiling Systems. — On small engines grease 
and oil cups are used to lubricate the piston and 
crankshaft. These cups have been described and pic- 
tured in Chapter III. The larger engines are oiled 
by the splash and force feed systems, as explained 
under the heading of Motorcycle and Motor Car 
Gasoline Engines. 

The Engine Cooling System. — Since a constant 
supply of cold water is always at hand for cooling a 
motor boat engine a radiator is not needed. The 
water is pumped from that on which the boat rides, 
through an intake pipe that connects the supply with 
the jacketed cylinders, and it flows out of the latter 
back to the supply by an outlet pipe. 

Kinds of Pumps Used. — There are three kinds of 
pumps used on motor boat engines, and these are 
(1) the ordinary piston, or plunger pump; (2) the 
centrifugal pump, and (3) the gear pump. 
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Where a plunger pump is used it is driven by an 
eccentric on the camshaft just as it is when used 
for pumping gasoline as shown in Fig. S8. Centri- 
fugal and gear pumps are also used in water cir* 
culating systems. 

The Exhaust Pipe and Muffler. — ^The exhaust pipe 
of the engine gets red-hot^ nearly, and to keep it 
from burning the boat where it goes through it must 
be jacketed, that is, it must be enclosed in another 
pipe and be cooled by water circulating between 
them. The exhaust is made on the same principle 
as that of a motor car engine. 
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Engines for airplanes are of two types, and these 
are (1) the regular stationary cylinder type and (2) 
the revolving, or gyro type. 

The first kind of engines are built like motor boat 
and motor car engines, only very much lighter for 
the power they develop. They are made with from 
four to twelve cylinders; they use carburetors, and 
have magneto ignition, radiators with water circu- 
lating pumps, and force feed oiling systems. 

The Famous Liberty Motor. — The need of a light 
and powerful airplane engine that could be made in 
large quantities was felt as soon as the United States 
got into the war. 

The work of designing this engine, or motor, as it 
was popularly called, was begun in the early part of 
1915; by fall work was started on its construction, 
and in the spring of 1916 the first engine was com- 
pleted. This engine was a twin-six, that is, it had 
12 cylinders and was of the V type. After testing it 
a second time a more powerful engine was built on 
the same general lines. It had forged steel cylinders 
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instead of iron ones with water jackets which were 
of pressed steel, and these were welded together hy 
the oxy-acetylene process. 

After more testa with this engine a third one was 
built in the spring of 1917; this one was much 




Pig. 55. Thk PAMOxia LmKRTY Aibpuke Uotos 



lighter in weight and all parts of it were designed 
so that the engine could he produced on a quantity 
basis. It is shown in Fig. 55. 

The final perfected Liberty engine was the most 
powerful one ever built for airplane work; it de- 
veloped upwards of 500 pounds and its weight was 
about 800 pounds. This engine was completed at 
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the Packard Motor Car Company's works in Detroit, 
Mich., on July 3, 1917, and it was rushed to Wash- 
ington, arriving there the next day — the 4th — and 
this is how it came to be named the Liberty motor. 
Both the scupper system of lubrication, that is one 
in which a projecting spoon on the crank-web throws 
the oil in the crank-case up on the bearings, and the 




Fig. 56. — A. How the Gyeo Engine Works 



force feed system was tested and the latter was 
finally adopted. 

Several ignition systems were tried out, but the 
Delco was the one which proved the most satisfac- 
tory. In this system a small dynamo is used to gen- 
erate the current, and after it is stepped up by spark 
coils it is passed on to the spark-plugs by distributors. 

The Gyro or Bevolving Engine. — ^In this type of 
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engine, the cylindera revolve around tlie eliaft and, 
curiouslj enottgh, there is no to and fro motion of 
either the cylinders or the pistons, but each of tJiese 
tnios roimd a different center. The pistons are 




connected by their respective connecting rods to a 
hub and this in turn is fixed to a shaft 

The cylinders, which radiate from the hub like 
the spokes of a wheel, turn round on it, and instead 
of the pistons rotating the shaft, the explosions of 
the fuel charges act on the piatona and these turn 
the shaft instead. The action of the gyro engine will 
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be understood from the diagram A in Fig» 66, while 
the engine complete is shown at J?. 

The Cooling Scheme. — Gyro engines are air 
cooled, that is, the cylinders have paralleled metal 
rings on them to dissipate the heat exactly like air- 
cooled motorcycle engines. They are, therefore, 
lighter in weight for the horsepower developed than 
engines with water-cooled stationary cylinders. 

The Use of the Muffler. — ^Before the war, airplane 
engines were not provided with mufflers, but during 
the war they were used because the noise of the ex- 
haust had to be reduced to a minimimi so that the 
enemy could not hear the planes when they were ap- 
proaching. 

Self-Starters for Engines. — The latest airplane 
engines are equipped with seK-starters. As it would 
not be practical to use storage batteries because of 
their great weight and since they contain a liquid, 
starting motors operated by compressed air are used 
instead. 



CHAPTER yi 

THE ECONOMICAL OIL ETTGHnB 

Since gas is not always at hand and gasoline is 
quite an expensive fuel, makers of internal combus- 
tion engines turned their attention long ago toward 
using cheaper fuels, such as kerosene and even crude 
oils, and their efforts along this line have been highly 
successfuL 

Fuel oils are the cheapest kinds you can buy, but 
kerosene is the best of the fuel oils, especially for 
small engines, and as it costs only about one-half as 
much as gasoline and only about one-half the amount 
is used for the power produced, it is very economical, 
you can see. 

Difference Between Oil Engines and Qasoline En- 
gines. — Stationary, portable, and mobile oil engines 
are built in all sizes, but the last named type is used 
only for marine and traction work. 

They are made in both the two and four stroke 
cycle kinds, the two cycle engines being largely used 
because they do away with the valves in the cylinder 
and this gets rid of the camshaft, gears, and other 
accessories that are always found on four cycle en- 
gines. 
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Again, mixing valves are used on oil engines very 
similar to those on stationary gasoline engines, and 
this makes for simplicity as against the more com- 
plicated carburetors that are a part of all mobile 
gasoline engines. 

Further, many oil engines, especially the larger 
sizes, are of the Diesel and semi-Diesel types, that 
is, the fuel charge is fired either by the heat devel- 
oped by compression of air alone or by the heat of the 
explosion which keeps a hot ball, or bonnet, at a 
temperature high enough to fire the fuel charge. 
Either of these simple expedients gets rid of a lot 
of ignition trouble. 

Finally a spray of water is sometimes injected 
into the cylinders at the same time that they take in 
air, and the valve for the water so used will be con- 
sidered presently. 

OU Fuel Feed System — The Oil Supply Tank.— 
In very small engines the fuel tank often sets close 
to the cylinder and the oil is drawn into the latter 
through a nozzle by the suction stroke of the piston. 

In some engines, up to 20 horsepower, the fuel 
tank is placed in the base and is large enough to 
hold a sufficient quantity of oil to run the engine for 
a stretch of 24 hours, and, where the rules of the 
Fire Underwriters will permit, there is no danger in 
using an oil supply of this kind. For engines of 
more than 20 horsepower it is better in every way to 
have a large storage tank outside of the engine and 
sunk in the ground. 
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In either case the oil from tihe supply tank is 
forced into a small auxiliary fuel tank close to the 
engine by (1) a simple plunger pump, (2) by an 
air compressor pump, or (3) by a vacuum formed 
by the suction stroke of the piston in the cylinder of 
the engine. 

Why Fuel Mixing Valves and Injectors are Used. 
— ^No carburetor has yet been invented which can 
successfully break up kerosene, or the heavier fuel 
oils, into a spray so that it will mix with air before it 
enters the cylinder except that these oils are highly 
heated first. 

When a fuel oil is preheated for this purpose it 
must not cool down between the carburetor and the 
cylinder, and so the air must also be heated before 
it enters the cylinder. But when the air is preheated 
it expands and this decreases the weight of it, and 
consequently of the fuel charge, with the result that 
the engine drops in power. 

For this reason the kerosene, or other heavy fuel 
oil, is sucked or injected, as the case may be, through 
a nozzle into the cylinder. 

Types of Fuel Nozzles. — There are two distinct 
types of fuel nozzles used on oil engines, namely, 
those in which (1) the oil and air are drawn by suc- 
tion through the same nozzle, when it is called a 
mixing valve ^ and (2) the oil alone is forced by pres- 
sure through the nozzle, when it is called a fuel 

injector. 
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Kinds of Mixing Valvea. — A Simple Mixing 
YoXve. — The simplest kind of a mixing valve is 
merely a. nozzle through which the fuel oil and air 
are drawn at the same time by the suction stroke of 
the piston. 

When the fuel oil and air are drawn into the cyl- 
inder, the oil is broken up into fine particles by 
striking the inlet valve, or some other metal surface 
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Fis. 67, A SiMPLii Fuel Uixino Nozzle 

inside the cylinder, when it mixes with the air; the 
heat of the cylinder then vaporizes it, when it makes 
a suitable fuel mixture. This is the kind of a mix- 
ing valve that is used on the Delco-ltght oil engine^ 
and is shown in Fig. 67, 

An Adjustable Mixing Valve. — In this kind of a 
mixing valve a needle valve fits into the nozzle, so 
that the amount of fuel oil admitted into &e cylin- 
der can be regulated. The kind used on a Fairbanks- 
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Morse engine is shown in Fig. 68. The air is 
taken in through a separate inlet valve. 

The oil vapor and the air mix in the chamber just 
above the valve, and the fuel mixture then goes into 
the cylinder of the engine. The inlet pipe of the 
needle valve opens into an overflow cup, or fiLel 
reservoir, as it is called, that is, the oil is pumped 
into the fuel reservoir from the supply tank, and when 
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the oil reaches a certain level the surplus flows back 
into the supply tank. 

The Fuel Injection Nozzle and Fuel Injection 
Pump. — In large oil engines a fuel injection nozzle, 
see A and B in Fig. 59 j is generally used, and this is 
screwed into the head of the cylinder. 

The end of the nozzle has a very small hole in it, 
and the fuel oil is injected into the combustion 
chamber at the proper time by means of a fuel pump. 
The nozzle breaks up the oil into a spray, and this is 
the first stage in converting it into a fuel gas, the 
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next and final stage tating place when the heat of 
the combustion chamber completely vaporizes it 

The better made nozzles have a spring cut-off 
valve inside of them to prevent the oil from dripping 
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into the combustion chamber after the pump stroke 
has been made which injects the oil through the 
nozzle. 

The juel injectum pump is usually of the plunger 
and check hall type, as shown in Fig. 60. 




Fia. 59. — B. Mpncie Fuel Injection Nozzlb 

The stroke of the plunger takes place when the 
piston of the engine is making the last stretch of 
its compression strok^ and as the combustion cham- 
ber is the hottest at the end of the stroke the oil is 
made into a thoroughly dry gas, and hence but little 
carbon is left behind. 
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The Use of Water in Oil Engines. — ^In some oil 
engines^ especially those built in the larger sizes, a 
spray of water is sucked, or is injected, into the 
cylinder with the fuel charge. 

To break up the water into a spray a nozzle is 
used, and the size of the orifice, as the hole in the 
end of it is called, is usually controlled by means of 
a needle valve exactly like those used for converting 





B 

Fig. 60. Muncib Fuel Injection Pump 
A, Side View of Pump. B, Top View of Pump. 

fuel oil into a spray. Of course, the instant the 
spray of water enters the hot cylinder it is changed 
into live steam. 

The scheme of using water in most oil engines 
is to soften the force of the explosions, when it acts 
in part like a steam engine, that is, it makes the 
expansive force more continuous. In engines where 
a hot'hdll i-gniter is used a spray of water injected 
into the cylinder prevents the fuel charge from ex- 
ploding prematurely, that is, before the piston has 
reached the end of its compression stroke, and this it 
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does by keeping down the heat of the cylinder. A 
water spray is not needed for this purpose where an 
electric ignition system is used. 

Another good feature about using a water spray 
is that it helps to change the oil into a gas, and when 
the steam comes in contact with the white-hot parti- 
cles of carbon a chemical change takes place and 
water gas, or producer gas, as it called, is mada 

Now water gas is formed of two gases, namely, 
carbon monoxide and hydrogen, and both of these 
bum, hence the carbon is used up in making them, 
and this prevents it from being deposited in the cyl- 
inder, where it scores the walls of the latter, makes 
the engine TcnocTc, hack fire and lose i>ower. 

The bad thing about using a water spray, espe- 
cially in small engines, is that it leaves a deposit in 
the coxnbustion chamber if it is hard water. This 
untoward condition can be prevented by using rain 
water or distilled water. Again, where a water 
spray is used in a small engine the wear is very hard 
on both the cylinder and the piston, and this shortens 
the life of the engine. Finally, where a water spray 
is used the exhaust pot and exhaust pipe get clogged 
up with sediment, and it must be kept clean or the 
engine will not give its full rated horsepower. 

Kinds of Ignition Devices. — Two kinds of igni- 
tion schemes are used for firing oil engines, and 
these are (1) the hot-hall igniter, or a modification 
of it, and (2) the electric jump-sparh system. 

The Hot-Ball Igniter. — ^Engines that are fitted 
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a gas out of the oil tut it fires the fuel charge as 
well. 

The Hot Bonnet Igniter. — ^Because carton collecta 
in the ball and has to be cleaned out to prevent it 
from interfering with tiie ignition of the fuel charge, 
an improved form was devised. This was done by 
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cutting away about half of the ball, which made a 
bonnet out of it, as shown in Fig. 61, at A, 

The ignition bonnet is heated by a torch before the 
engine is started in exactly the same way as the ball 
igniter, after which the heat of the exploding fuel 
charge keeps it hot enough to ignite the following 
charge. 

Jump Spark Tffniters. — Three kinds of electric 

jump spark systems are used for firing the fuel 

charges of oil engines, and these are (1) t^e battery 
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with holrball igniters are called semi-Diesel engines, 
because the heat for firing the fuel charge is devel- 
oped by the heat of the burning charge after the ball is 
heated by a gas, or a kerosene burner. 

The hot-ball igniter consists of a hollow iron ball 
which sets in the head of the cylinder, as shown in 
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Fig. 61. Kinds of Hot-Heajd Igniters 

A, Bessemer Bonnet Type, Side View of Cylinder. B, De La 
Verne Hot-Ball Type, End View of Combustion Cliamber. 

Figs. 61, 62 and 6S. To start the engine a cap, op 
plate, is taken off of the cylinder head, which exposes 
the hot ball and the latter is then heated by a gas, 
or a kerosene blow torch flame. When the ball is 
red-hot the blow torch flame is removed, the cap op 
plate is put on the cylinder head and the engine is 
started. 

Now when the air is being compressed on the 
compression stroke it fills the hot ball and when it is 
fully compressed the fuel oil is injected into it and 
the hot air not only furthers the process of making 
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a gas out of the oil but it fires the fuel charge as 
well. 

The Hot Bonnet Igniter. — Becaua© carbon collects 
in the ball and has to be cleaned out to prevent it 
from interfering with the ignition of the fuel charge, 
an improved form was devised. This was done by 
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cutting away about half of the ball, which made a 
bonnet out of it, as shown in Vig. 61, at A. 

The ignition bonnet is heated by a torch before the 
engine is started in exactly the same way as the ball 
igniter, after which the heat of the exploding fuel 
charge keeps it hot enough to ignite tJie following 



Jump Spark Igniters. — Three kinds of electric 

jump spark systems are used for firing the fuel 

charges of oil engines, and these are (1) the battery 
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and jump spark coU with spark ptitg; (2) the ro^U- 
vng high tension magneto with spark plug, and (S) 
the low tension oscillating magneto with tnoJbe and 
hreaJe spark. All of these ignition Bystems have been 
explained in Chapters II and IV. 
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How tiie Govemor Works. — ^With a small high- 
speed oil engine whose crankshaft is coupled direct 
to the shaft of a dynamo and which is used only for 
charging storage batteries, a goTcrnor is not needed, 
hut with oil engines that are used for running dif- 
ferent kinds of machines where the load varies a 
governor is necessary. 

Many oil engines whether small or large are fitted 
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■with govenora of the centrifugal shaft type, that is, 
there is a weight which is pivoted to the flywheel, as 
shown in Fig. 64- The flywheel ia keyed to the 
cranltshaft, and the inside part of the eceentrie, or 
sheave, as it ia called, ia alao keyed to the shaft; the 
strap of the eccentric, which is the outside part of it, 
ia pivoted to the eccentric rod. 




Fro. 64. Flywheel Gotebnoe or a Faibbaheb-Mobsb 



!Row, when the engine ia running and the flywheel 
gets to going too fast the weight which ia lighter 
b^ns to move faster and catches up with the speed 
of the wheel. In so doing it moves the eccentric 
rod down, and thia givea the eccentric rod a ehorter 
throw, that is, a ahorter to and fro movement. 

Conversely, when the flywheel begina to alow down 
the weight cannot keep up with it, and thia moves the 
eccentric rod up, which makes the throw of the ec- 
centric rod longer. Having proceeded thia far with 
the governor, let us see now how it controls the 
speed of the ^igine. 
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In small oil engines the eccentric rod of the gov^ 
emor is connected with a butterfly valve which is 
pivoted in the inlet pipe that connects the fuel cham- 
ber with the cylinder, as described in Chapter UL 
But in large oil engines the eccentric rod is coupled 
to the plunger rod of the fuel pimip^ as shown in 
Fig 65. 




Fig. 65. A Fuel Pump Connected to a Muncib Flywhxkl 

GrOVEBNOR 



It is easy to see now that when the length of the 
throw of the eccentric rod is greater or lesser than 
normal the length of the stroke of the plunger of the 
fuel pump is varied so that when the engine tends 
to run too fast only a little fuel oil is pumped into 
the cylinder and when the engine begins to slow down 
a larger amount of oil is pumped into the cylinder. 

Of course, there are a lot of little refinements in 
the governor, such as sprini::s and dash pots to check 
the too sudden action of the weight, and adjust- 
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ments on the pump, so that the speed of the engine 
can be varied by the engine tender while the engine 
is running. An oil engine with a governor and pump 
built on this principle not only makes the speed of 
the engine steady but is very economical of fuel. 

About Cooling Cylinders. — The only oil engine 
that I know of which is air-cooled is the little high 
speed Delco-Ughtj all the others of whatever size and 
type, being water cooled. 

In the first named a draft tube sets over the cylin- 
der of the engine; the top of it is open and the lower 
part connects with a housing around the flywheel 
which is built like a fan. When the engine is run- 
ning the fan sucks the air down through the draft 
tube and out into the open air. 

In some oil engines the end of the cylinder in 
which the explosions take place, or combustion chanir 
her, as well as the cylinder itself is jacketed, that is, 
they are surrounded by spaces through which the 
water circulates, and in this way the heat of the 
whole cylinder is kept down to as low a temperature 
as it will operate with. 

Since a lot of heat is needed to convert heavy fuel 
oils into gas, some oil engines are made with the heads 
of the cylinders exposed directly to the air. In hot- 
head engines, as these are called, the fuel oils are 
exploded at a very much higher temperature than in 
engines with water-cooled heads, and in this way 
the carbon is burned up. 
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In some of the larger engines water is injected 
into the cylinder, not with the idea of preventing 
premature explosions, but to keep down the iemr 
perature. 

The circulation of water around the cylinders is 
done in the same ways as those used for gas engines 
and stationary gasoline engines. 

The Lubrication of Oil Engines. — The same 
schemes are used for lubricating oil engines that are 
employed for gas and stationary gasoline engines, 
that is, the upright engines have the splash system 
and the horizontal engines are fitted with the me- 
chamical force feed system. 

Where force feed lubrication is used the oiler is 
worked by the camshaft so that the amount of oil 
supplied depends on the speed of the engine and this 
means economy in lubricating it. 

A Word on Fuel Oils — Kinds of Fuel Oils. — 
Small engines run better on kerosene than on heavier 
oils, but the larger heavy-duty engines work well on 
what is called crude oUs. 

There are a couple of dozen names for various 
kinds of fuel oils, but the following will serve to 
show the general difference between themu Crude 
oil is the oil right from the oil wells, and this used 
to be the cheapest kind of fuel oil you could buy, but 
the distillates are more generally used at present. 

When crude oil is refined, which means that it is 
distilled, a number of fuel oils are given off and the 
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gravity, that is, the density, of these is different, 
and the flash points are also different. 

The name distillate, is given to any kind of oil 
which is obtained by refining crude oil. When crude 
oil is refined benzine passes off first, then gasoline 
and next Jcerosene. Gasoline is called petrol in Eng- 
land, and on this side low grades of gasoline are called 
naphtha and motor spirits. 

Kerosene, or coal oil, is heavier than gasoline, and 
when it is bleached white and has a high enough 
flash point it is used in lamps for lighting. When 
it is of poor quality and colored it is called solar oil, 
and when it is of a still poorer quality it is called 
engine distillate. Oas oil follows kerosene when 
crude oil is distilled and so, of course, it is heavier. 

Fuel oils, in the strict meaning of the term, in- 
clude all kinds of oils that do not need to be refined 
to bum. Tops, bottoms, residuum, stove oil and star 
oil are all cheap oils. Other oils made from coal tar 
and the by-products obtained from city gas plants can 
also be used for fuel for oil engines, while alcohol, 
where it can be bought cheaply enough, makes an 
admirable fuel. 

Kind of Fuel Oil to Use. — ^Uise kerosene only in 
engines where the makers specify this kind of fuel 
oil. Eor r^ular oil engines the fuel oil can be of 
any kind provided that it has (1) a flash-point be- 
low 275 degrees Fahrenheit, by what is known as 
the open cup test; (2) a specific gravity not lower 
than 26 degrees, Baumej (3) it should contain not 
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more than % per cent of sulphur; (4) contain not 
more than % per cent of water, and (5) not more 
than 3 per cent of coke. Finally, at least 60 per" 
cent of the oil must pass off when it is distilled at 
or below 680 degrees Fahrenheit. 



CHAPTER yn 

t 

THB DIESEL SELF-IGIHTINa ENOINB 

Tou will remember I told you in the first and 
second chapters about how the Diesel oil engine fired 
its fuel charge by compressing the air in the cyl- 
inder, which raised its temperature, and you know 
that all other types of internal combustion engines 
use some kind of an igniter for this purpose. 

Now, while this difference in the methods of igni- 
tion between the Diesel and other oil engines is the 
most important one, there are several other factors 
that are found in the former which are of interest, 
and these will be described in due time as we push 
along. 

If you ever had anything to do with a gasoline 
or oil engine or drove a motor car you know that 
when the engine is running at low speed with the 
throttle wide open and the engine is laboring under 
an excessive overload it will begin to Tcnock, and 
this is caused by premature ignition. Now, prema- 
ture ignition has long been a great problem in build- 
ing internal combustion oil engines, and it was only 
solved when Diesel invented the engine now under 
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discussion. The Diesel engine is the most econom- 
ical engine that has yet been made for producing 
power where crude fuel oils can be had to run it. 

Diesel engines are built in both the vertical and 
the horizontal types, have one or more cylinders, and 
are made on both the two and four stroke cycle 
principles. 

How the Diesel Four Stroke Cycle Engine Works. 
— In this engine the cycle of operations is as fol- 
lowrf: (1) on the suction stroke the air inlet valve 
opens and air is drawn into the cylinder ; at the end 
of the suction stroke the inlet valve closes, and (2) 
on the compression stroke the piston compresses the 
air to upwards of 500 pounds to the square inch, and 
this raises the temperature to about 1,000 degrees 
Fahrenheit^ which is far above the ignition point 
of the heaviest fuel oils. 

Just before the end of the compression stroke, the 
fuel valve is opened and the fuel oil, which is in- 
jected under pressure into the cylinder in a fine 
spray, instantly catches on fire; then (3) the power 
stroke begins, and the spray of fuel oil is injected 
during about tV of the length of this stroke. 

Hence, the oil bums instead of exploding, as in 
gas and gasoline engines, and the result is that the 
temperature of the fuel is kept about the same and 
the pressure on the piston is more nearly uniform 
throughout the length of the stroke instead of being 
set up by a sudden blow, as in an ordinary gas or 
gasoline or oil engine. This makes the engine run 
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smoother and gives it more of the steady pulling 
quality of the steam engine. 

Finally (4) the exhaust valve opens on the exhaust 
stroke and the burnt gases are pushed out of the cyl- 
inder into the open air, as in any ordinary four 
stroke cycle engine. 

How the Diesel Two Stroke Cycle Engine Works. 
— The action of a Diesel two stroke cycle engine is 
very like that of an ordinary engine of the same 
type, that is, the exhaust of the burnt gases, the ad- 
mission of fresh fuel oil and the ignition of the latter 
all take place during a single stroke. 

The cycle of operations is this: (1) on the first, 
or compression stroke, the piston compresses the air 
that is in the cylinder just as it does in a Diesel 
four stroke cycle engine to about 500 pounds per 
square inch, when the temperature of the latter rises 
to about 1,000 degrees Fahrenheit. 

Then (2) on the start of the second stroke the fuel 
valve is opened, the oil is injected into the cylinder, 
when it is fired and then the power stroke takes place. 
When the piston is near the end of its stroke both 
the air inlet and the exhaust valves are opened at the 
same time; the air rushes in and pushes out the 
burnt gases so that when the compression stroke is 
made only fresh air remains in the cylinder. 

The Construction of the Diesel Engine. — The 

Valves of a Two Stroke Cycle Engine. — ^A two 
stroke cycle Diesel engine has two poppet valves in 
the head of the cylinder, and these are (1) the fuel 
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admission valve and (2) the air stdHing valve, which 
is used to start the engine. The adr inlet valve and 
the exhaust valves are opened and closed by the pis- 
ton itself as in the ordinary two stroke cycle engine 
whid^ I described in Chapter II. 

The Valves of a Four StroJee Cycle Engine. — 
While an ordinary four stroke cycle engine has only 
a fuel inlet valve and an exhaust valve, a Diesel en- 
gine of the four stroke cycle type has four and Bome- 
times five poppet valves, and these are (1) the air 
inlet valve, (2) the fuel injector valve, (3) tbe ex- 
haust valve, (4) the air starting valve and (5) a 
safety valve. 

How the Valves Worh. — The valves of both the 
two stroke and the four stroke cycle engines are 
worked by levers or cams which are operated by 
gears driven by the crankshaft. 

The fuel valve is formed of a needle valve fitted 
in a nozzle which has a very small opening in it 
like those described for the larger makes of oil en- 
gines in the preceding chapter. 

Since the compression stroke compresses the air 
in the cylinder the fuel oil must be injected into the 
air charge by a blast of air which is under a much 
higher pressure, and to do this an air compressor 
pump, called an injector pump, is used. 

In the original Diesel engine^ the needle valve 

* U. S. Patent No. 542,846 granted to Diesel explains this 
fuel valve fully. You can get it by sending five cents in 
coin to the Commissioner of Patents, Washington, D. C. 
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sets upright in a little cylindrical fuel reservoir 
which has a small hole in the bottom of it ; the fuel 
reservoir is fixed in the cylinder head and is con- 
nected to the injector pump by a pipe. 

When the pump makes its suction stroke it pulls 
a small amount of fuel oil into the reservoir. The 
lift of the needle valve is regulated by the governor, 
which determines the length of time and the distance 
it is opened, and, hence, the amount of oil that is 
pulled into the reservoir. 

The instant the needle valve opens, the fuel oil in 
the reservoir is driven in a fine spray into the com- 
pressed air charge in the cylinder by the blast of 
high pressure air, when it ignites. 

The Air Compressor, or Injector Pump. — This 
pump is generally a built-in part of the engine, and 
is driven by a crank on one end of the crankshaft, 
as shown in the side cross-section view Fig. 66 and 
end cross-section view Fig. 67. 

The air compressor is of the two, or three stage 
type, that is the air is compressed twice and some- 
times three times by a succession of pistons and 
cylinders, each succeeding one being smaller than the 
other. The one shown in Fig. 66 is a two stage air 
compressor. 

The pressure of the air needed to spray the oil 
into the red-hot air charge in the cylinder of the 
engine is between 800 and 1,200 pounds to the square 
inch, the pressure depending very largely on the 
nature of the fuel oil that is used. The air com- 
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pressor when in operation takes from 4 to 7 per cent 
of the total horsepower of the engine to run it. 

The Scavenging Pump. — ^With a two cycle engine 
a blast of air, called scavenging air, must be used to 
drive the burnt gases out of the cylinder. 

The scavenging air, which is under a low pres- 
sure — ^usually from 4 to 8 pounds per square inch — 
is generally obtained from the low pressure cylinder 
of the air compressor, but in some Diesel engines a 
separate scavenging pump is belted to the engine. 

Again, in some engines the valve which admits the 
scavenging air to the cylinder is a port opened and 
closed by the piston sliding across it, while others 
have a poppet valve in the head of the cylinder. 

This latter kind of valve gives the best results for 
the scavenging air is then forced from the top of the 
cylinder, clear through it and then out of the exhaust 
port at the other end, and this thoroughly cleans out 
the burnt gases. 

While it only takes about 4 per cent of the power 
developed by the engine to supply the scavenging 
air, where the cylinder is so scavenged there is a 
great saving effected in the use of the fuel oil, and at 
the same time there is a larger output in power. The 
reason for this higher efficiency is found in the fact 
that but very little of the burnt gases remains behind 
to contaminate the fresh fuel mixture. 

Governors for Diesel Engines. — There are three 
distinct kinds of governing devices used on Diesel 
engines, and these are (1) by controlling the time 
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the suction valve is open, (2) by varying the length 
of the piston stroke of the fuel injector pump, and 
(3) by varying the clearance of the pump. 

The purpose of the governor is, of course, to give 
close regulation, and any of the governors described 
will serve to regulate the speed of the engine close 
enough for running dynamos, provided it has two or 
more cylinders. 

How a Diesel Engine Is Started. — Since a Diesel 
engine must be running before it will develop enough 
heat to ignite the fuel charge, some means for start- 
ing it must be used. 

The usual way to start a Diesel engine is to admit 
air which has been previously compressed in a tank 
to about 250 pounds to the square inch into the 
cylinder of the engine through the starting valves, 
of which there is one to each cylinder. 

Before the engine is started a clutch is thrown in 
by a lever and this throws the cams that operate the 
fuel valves over so that they are cut out and the 
starting valves are cut in and the engine is made 
to run by compressed air. After the pistons have 
made a few strokes and the flywheel has gathered 
enough momentum the clutch is thrown out and the 
cams are moved over so that they again work the 
fuel valves. As soon as the fuel is injected into the 
cylinders the engine begins to develop power. 

Cooling Schemes for Diesel Engines. — Owing to 
the high temperatures developed by the Diesel en- 
gine not only the cylinder but the cylinder head and, 
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in large sizes, the piston as well must be water cooled. 
The water is circulated by a force pump and from 
3 to 9 gallons are used per horsepower per hour, the 
amount being determined by the heat developed. 

The Lubrication of Diesel Engines. — Since very 
high temperatures are produced in the cylinders 
these and the working parts of the engine, such as 
wrist pins, crankshaft bearings and other bearings 
in the crankcase, must be oiled with a good quality 
of lubricating oil having a medium body. 

For lubricating the cylinders of the air comprea- 
sor only the best light body lubricating oil should 
be used. Where only a little lubricating oil is fed 
into the cylinders of the compressor and the com- 
pressed air is well cooled between the successive 
stages a poor lubricating oil will carbonize and this is 
the beginning of grief. 

But if the intercooling of the air between the com- 
pression stages is not good the high temperature and 
high pressure are very liable to crach the lubricating 
oil, that is break it up and liberate the gases in it 
when it will burn just like a fuel oil does in the cyl- 
inder of an engine. The moral is use good luhricat- 
ing oils and save trouble. 

Advantages of the Two and Four Stroke Cycle 
Diesel Engines — The Four Strohe Cycle Engine. — 
This type of engine is more economical of fuel than 
a two stroke cycle engine because the expansive force 
of the burning fuel charge does not stop until the 
end of the power stroke is reached. Again, no scav- 
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engiiig pump is needed to force out the burnt gases, 

and this also saves power. 

The cylinders are not heated to so high a tempera- 
ture because the fuel oil is ignited only once in 
every four strokes, aa against once in every two 
strokes in a two stroke cycle engine. All of the 
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burnt gases are forced out of the cylinder of a four 
stroke cycle engine on the exhaust stroke, while in a 
two stroke cycle engine it is quite impossible to get 
all of the waste gases out 

The Two Stroke Cycle Engine. — Since every 

other stroke is a power stroke in a two stroke cycle 

engine the power developed is nearly twice aa great 
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as in a four stroke cycle engme having the same size 
cylinder and length of stroke. 

This makes the weight of the engine lighter for 
the same horsepower, and as a two stroke cycle en- 
gine has fewer parts it is easier to move about, set up 
and keep in repair than one of the four stroke cycle 
type. Engines under 700 horsepower are often of the 
four stroke cycle type, but where they are over the 
above-named horsepower they are generally of the 
two stroke cycle type. Fig. 68 shows an upright^ four 
cylinder, four stroke cycle, 400 horsepower Diesel 
engine. 



CHAPTER ym 

HOW TO PRACTICE BNGIITB EOOnOlIY 

If the hoary and bewhiskered adago which tells 
us that an "ounce of prevention is worth a pound of 
cure" was stenciled on the side of every internal 
combustion engine sold and those who buy them 
would heed the world old saying, there would be at 
least 50 per cent less of them go to the scrap heap 
every year. 

A man who has had little or no experience with 
machines in general and engines in particular is apt 
to think because a power unit of this kind is made of 
iron and steel all he needs to do is to feed it with 
fuel, lubricate it with oil and give it water once in 
a while and that in turn it will deliver power without 
further attention. 

And so an engine will run for a while, sometimes 
a long while, under these conditions, but to get it 
to develop its full rated power and, what is of even 
more importance, keep it in service for the longest 
time, there are some other things that must be 
looked after and diligently, too, for using the right 
kind of fuels and lubricating oils and keeping an 
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ever-watchful eye on the engine are the big factors 
that count for economy. 

About Fuel Economy — Oas Fuels. — The differ- 
ence in the prices of natural, producer and city gas is 
not of such great importance when you are running a 
small engine. Of course, if you are living in a re- 
gion where there is natural gas, by all means use it, 
but if not, use city gas, unless you are running an 
engine of 40 horsepower or over, and then it wiU 
pay you to install a su,ction gas producer.^ 

Oasoline, Fuel Valves and Carburetors. — ^In mo- 
bile engines such as those used for running motor- 
cycles, motor boats, motor cars and airplanes, it 
spells economy to use a good uniform grade of gaso- 
line, and the only way to get it is to buy it of the 
Gulf, Texas, Standard Oil or other good company. 

In stationary engines, especially those of large 
size, the quality of the gasoline can be of a lower 
grade than that used in mobile engines. Before 
using gasoline it is a good scheme to filter it through 
a piece of chamois skin or, where it is used in large 
quantities, strain it through a piece of wire gauze 
having a fine mesh. Foreign particles of matter 
that get in the gasoline will clog up the fuel valve 
or carburetor, and this will cost you both time and 
money. 

Where a fuel valve is used on a gasoline engine it 
is adjusted to a nicety before the engine leaves the 

*For data concerning gas producers write to the Otto 
Oas Engine Works, Philadelphia^ Pa. 
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factory, and it will not need readjusting unless some- 
thing gets in the gasoline and chokes up the needle. 
But with a carburetor it is different, and it is up to 
you usually to see that it is properly adjusted to mix 
the gasoline and air in the right proportions. 

If the fuel valve or carburetor gets out of adjust- 
ment your engine will lose power and it then becomes 
very wasteful of fuel. To get either of these devices 
adjusted exactly right, it takes a man who thoroughly 
understands the particular make your engine is fitted 
with. You can learn to make these adjustments 
yourself if you have the time and the patience of 
Job, but don't let any alleged engine mechanic fool 
with it unless you know that he knows just what he 
is about 

Kerosene and Crude Oils. — ^In oil engines having 
electric ignition kerosene gives better results than 
crude oils, because the cylinder is not kept hot enough 
to vaporize lower grade oils without leaving a lot of 
carbon behind. 

In buying kerosene for your engine don't get the 
highly refined illuminating oil that has a fire test of 
140 to 150 degrees Fahrenheit, but take the lower 
grade kerosene, whose fire test is 100 to 110 degrees 
Fahrenheit There are several reasons why the latter 
is better than the former, and among these are be- 
cause (1) it ignites at a lower temperature, (2) it 
evaporates easier, and (3) it is very much cheaper. 

Heavier fuel oils such as solar, gas and even crude 
oils can be used successfully in engines which are 
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fitted with hot ball or bonnet igniters and henoe 
these engines are very economical to run. The very 
cheapest crude oils as they come from the wells can 
be used in Diesel engines because the temperature 
of the cylinder is even higher, hence this lype oi 
engine is still more economical to operate. 

Always filter the fuel oil you are using to get all 
of the grit out of it, for solid matter, however finely 
divided, in either a gas or a liquid fuel, is very apt 
to interfere with the lubrication of the cylinder. 
Finally, buy the fuel oil from a refinery which has 
distilled the gasoline out of it and by so doing you 
can run your engine for the least amount of money 
possible. 

To Lubricate Economically. — ^Far more impor- 
tant from the standpoint of economy than the use 
of the right kind of fuel in an engine is the lubrica- 
tion of it 

In all high speed engines of the mobile type, ex- 
cept those built for airplanes, light and medium body 
mineral oils give the best service. In airplane en- 
gines castor oil is employed, and though it is a vege- 
table oil it is the heaviest oil known. Other than 
castor oil no vegetable oils or animal oils can be used 
for lubricating engines. 

Heavy duty engines require an oil with a heavier 
body than those built for lighter loads. The chief 
difficulty with heavy oils is that they offer a higher 
resistance to the moving parts, and that they are very 
apt to leave a deposit of carbon; on the other hand, 

134 



ENGINE ECONOMY 

an oil with too light a body is liable to bum up, and 
when this happens carbon is also left behind. If 
you can get an oil of just the right body for your 
engine you are practicing engine economy that is 
truly worth while. 

In buying lubricating oil just bear in mind that 
the higher the temperature of the cylinder walls and 
the heavier the load the engine has to carry the heav- 
ier the lubricating oil should be, and the other way 
about 

Nearly every maker specifies the kind of lubricat- 
ing oil that gives the best results with his particular 
engine, and if possible get the kind he names and 
stick to it Never buy an oil because it is cjieap, 
for cheap oil is poor oil, and poor oil does not lubri- 
cate, but it burns and forms carbon, makes the valves 
and the piston rings stick and causes the open end of 
the cylinder and the exhaust pot, or muffler, to 
smoke. In fact, a felloVs got to have more money 
than sense in order to be able to afford to use poor oil. 

If you are in doubt as to the kind of lubricating 
oil your engine needs, write to the Vacuum Oil Co., 
100 Broadway, New York, or to the Piatt and Washr 
hum Refining Co., 11 Broadway, New York, and 
either company will tell you the best and most eco- 
nomical oil to use. 

How Water Economy Is Had. — Next to air, water 
is the cheapest thing an engine uses, but don't let 
yourself believe that all water is alike, or that any 
kind will do. 
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Where water is used inside of the cylinder to pre- 
vent preignition or to keep down the temperature, the 
water must be free from lime, for this will do a 
lot of damage. To prevent it use either rain water 
or rig up an apparatus for distilling it.^ 

In stationary engines, where water is circulated 
around the exhaust, the heat will cause the solid 
matter in it to be deposited, and the water spaces will 
finally choke up. When this happens the exhaust 
valve may bum out and a new one will have to be 
put in. This not only costs money, but you will have 
to shut down your shop while it is being done. 

To prevent this untoward occurrence, make a solu- 
tion of 1 part of muriatic acid and 19 parts of soft 
water. Now draw off the water from the cylinder 
cooling spaces every fortnight and fill them witii the 
acid solution. Let the solution stay in over-night, 
but not longer, or it will act on the iron. The acid 
solution will soften and break up the lime, and you 
must then wash it out with clean water. 

Where stationary and portable engines are run 
in winter and there is the slightest danger of freez- 
ing, let the water out of the jacketed cylinders and 
from the tank, or hopper, where these are used, every 
night. 

In a motor car or other mobile gasoline engine 
the water must be strained before it is put into the 

* A simple water still is described in The Home Handy Book 
by the present author and published by D. Appleton & Co., 
New York. 
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radiator whenever you fill it. Drain off the old 
water once a month and fill it with clean water. 
Every three months wash out the water spaces and 
radiator with a hose and finally clean out the water 
jackets with a hose every year. 

For mobile engines where the temperature does 

> 

not drop to more than 10 degrees below Fahrevr 
heit in winter use an antirfreezing solution in the 
radiator, made of 25 per cent of wood alcohol, 15 
per cent of glycerine and 60 per cent of water. 

To Secure lotion Economy. — Electric Ignition. 
— To secure economy at the ignition end of an en- 
gine you must see (1) that the battery does not run 
down or get weak; (2) that the magneto gives a 
spark at least % inch long, (3) that the spark con- 
tacts or the points of the spark plugs are clean and 
where the latter are used, that the spark points are 
separated the proper distance,^ and (4) that the 
timer is in adjustment. 

Where a wipe spark is used, if there is too much 
tension on the platinum electrode it will wear out 
quickly, and platinum to-day is worth twice as much 
as gold. Do not use lubricating oil to oil the bear- 
ing of the movable electrode, but use kerosene in- 
stead. The kerosene cuts the carbon and dissolves 
off the gumming deposit which forms on the elec- 
trode. 

A jump-sparJc ignition system that will not set 
up a % inch spark will cause much loss in power. 

^ This information the maker of the engine will give you. 
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If you are using a dry battery, test it every day witH 
im ammeter,^ or if you are using a storage battery, 
test it out with a voltmeter.* 

Any dry cell that does not show a current output 
of at least 10 amperes should be replaced with a 
fresh one. To keep a storage battery in condition 
you must (1) keep the plates covered with the solu- 
tion, or electrolyte, as it is called; (2) see to it that 
the battery is always fully charged, and (3) that it 
has a specific gravity ' of from 1.275 to 1.300 Baume. 

If your engine is fitted with a magneto and it 
fails to give a spark % inch long send it back to the 
manufacturer. But just bear in mind that (1) the 
armature of a rotating magneto must be turning at 
its full speed before it will give its full spark length, 
and (2) that the magneto is the very last part on 
your engine that is. apt to fail in its operation ; this 
being true, be mighty sure that the magneto is really 
at fault before you ship it back for repairs. 

When There Is a Loss of Power. — ^However little 
you may know about an engine you will not need to 
be told when it begins to lose power, and I'U teU 
you now that when it does b^n to lose power you 
are losing money, so don't let it do it. 

What Causes Loss of Power. — ^There are numer- 

*An ammeter is an instrument for testing the current 
strength of a battery. 

"A voltmeter is an instrument for testing the pressure, 
or voltage, of an electric current. 

' This is easily tested with a Baume "hydrometer. 
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ous causes that make an engine lose power, but you 
can get a line on the trouble if you will remember 
that all of them, nearly, come under three distinct 
symptoms, and these are (1) when the engine works 
badly, (2) when the engine knocks and (3) when 
the engine overheats. 

Now, when any one of these three things happens 
you will know that you are paying a big price for a 
little power, and it is your cue to remedy the defect 
as quickly as you can, but as this comes under the 
special heading of Diseases of Internal Comhustion 
Engines, and there is more than a little to the sub- 
ject, I will treat of them in a separate chapter. 

The Economy of Cleanliness. — ^Tou can always 
tell a good engineman by the way he takes care of 
his engine. Keeping an engine clean is not only 
merely a matter of looks and pride, but it is quite a 
necessary feature, if the highest economy is to be 
had. 

Wipe all of the exposed parts of the engine with 
clean waste, either just before you start up the en- 
gine or as soon as you shut it down. While it is 
seldom done, it is a mighty good scheme to have a 
canvas cover to throw over the engine when it is idle, 
unless it is a motor car engine, which is protected 
by a hood, to keep out the dirt and dust. 

Be careful that the lubricating oil does not run 
down on the outside of the engine and onto the top 
of the foundation, as it will gather dust, and this is 
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almost sure to be drawn into the cylinder with the 
air, when it will choke up the air inlet valve. 

Taking care of an engine is practicing economy 
just as much as taking care of a gun or a machine 
of any kind, and an engine that is well cleaned is 
quite apt to be well looked after in all other respects, 
hence the economy obtained by cleanliness begets 
economies in other ways. 

What Power Economy Heans. — ^Whatever your 
requirements for power may be, get an engine that 
will take care of it when it is running at full load, 
for the greater the load up to the time that the cylin- 
der begins to overheat the larger will be the saving 
in fuel, and this means power economy. 

That is to say, if you need only 1 horsepower to 
do the work, don^t get a 3 horsepower engine, on the 
assumption that it will develop 1 horsepower on J 
the amount of fuel. As a matter of fact, there is an 
increase in the fuel consumed in the reverse prth 
portion to the power developed in any engine, how- 
ever small or large, and of whatever type or make. 

It is easy to see why this should be so, because 
the friction of the engine is a constami, that is^ it 
always remains the same without regard to the power 
developed. If an engine could be built which would 
run without friction, then the amount of fuel con- 
sumed per horsepower per hour would decrease in 
direct proportion to the power developed. 

The Upkeep Economy of Tour Engine. — ^As a 
last word about practicing economy, if you will look 
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after the following several details you will not only 
get the full rated horsepower out of your engine, but 
you will get it with the least amount of fuel, the 
repairs and shutdowns will be few and far between, 
the interest on the money you have invested in it 
and the depreciation of it will both be small, and, 
finally, the life of the engine will be long. 

Named, these details are that you must (1) bum 
the right kind of fuel and see to it that (2) the fuel 
valve or carburetor is adjusted correctly; (3) the 
lubricating oil is the best and exactly suited to your 
engine; (4) the drain cocks are all closed; (5) there 
is no soot in the exhaust pot or muffler; (7) the gaps 
of the spark plugs are of the right length; (8) the 
ignition system is timed correctly; (9) likewise the 
valves are timed correctly; (10) there is no carbon 
in the cylinder; (11) the bearings all around fit pre- 
cisely, and, lastly, (12) that you make a study of 
your engine, and know exactly how every part of it 
works. 



CHAPTER IX • 

DISEASES OF INTEBNAL COMBUSTION ENGINES 

An internal combustion engine of whatever kind 
or make is very like a human being, in that if it 
isn't looked after and treated well it will be sure 
to develop some disease, and so go into an early 
decline ; and sometimes, too, exactly like the mechanr 
ism of a man, it will ail and growl around when there 
isn't a thing on earth the matter with it. 

In the foregoing chapter I mentioned that there 
are three general symptoms by which you can tell 
when something has gone wrong with your engine^ 
but what I did not tell you was that each symptom 
may indicate any one of a dozen different troubles, 
and to find the offending one you must know the 
specific symptoms of it. 

Now, while it might seem on the face of it to be 
a pretty hard matter to locate the fault, since there 
are so many of them — fixing it is easy when you know 
what to fix — it is not at all a hard job if you go 
about it the right way, and this is by the process of 
elimincition. 

When the Engine Works Badly. — The Seat of 
the Trouble. — ^When the engine works poorly it may 
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be caused by (1) a priming cock that leaks; (2) 
poor compression caused by a loose or a broken spark- 
plug; (3) or trouble with the ignition system; (4) 
gaskets that leak; (5) the use of lubricating oil that 
has too light a body; (6) piston rings that give too 
much clearance; (7) piston rings that are bent or 
are otherwise faulty; (8) a broken lockpin in the 
piston ring, or (9) valves that do not seat properly. 

Finding and Fixing the Fault. — ^The order I have 
given above is the one in which you should look for 
the fault and after testing each one out thoroughly 
see if the engine works all right or not 

Begin, then, by looking after (1) the priming 
cocks ; if the leak is bad the sound of escaping gases 
around the loose one will indicate it clearly enough ; 
if there is no sound, squirt a little oil on it where it ^ 
screws into the cylinder head, and if it leaks little 
bubbles will rise in the oil. 

To fix it try tightening the cock up with a wrencH 
and if you can't get it tight enough to keep it from 
leaking put a little red-lead on the threads and then 
screw it up. (2) Sometimes a spark-plug gets a lit- 
tle loose or the threads are worn. To find out 
whether it leaks squirt a little oil around the threads 
and watch for the bubbles as explained above. Tight- 
en it up and use some red-lead on the threads if 
necessary. If the spark-plug is cracked there will 
be a considerable loss of compression through it, and 
when this happens you can hear it wheeze, and to fix 
it all you have to do is to put in a new plug. 
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(3) When there is no leakage from the spark-plugB 
or gaskets and the compression seems to be good, ex- 
amine the ignition system very carefully and look 
particularly for a loose wire or a grounded wire, by 
which I mean a wire that has worked loose in its 
binding post or one whose insulation has been rubbed 
off and so m^es a slight contact with some other 
wire or with the engine itself. When you have at- 
tended to these details the chances are that your en- 
gine will run as well as it did when you bought it> 
provided you bought a new one. 

(4) If the gaskets leak you will know it by tho 
wheezing sounds of the exhaust gases. It may be 
that the nuts are loose and tightening them will do 
the business, but do this while the engine is hot 

Should the gaskets be worn out or rotted out, 
cut new ones out of asbestos pdcJcing ^ which has a 
brass or bronze wire mesh in it. When you put on a 
new gasket smear both sides of it with linseed or 
lubricating oil and tighten the bolts up when the 
engine is hot (5) The next thing to try is a lubri- 
cating oil having a heavier body than the one you 
are using; to do this unscrew the drain plug from 
the crankcase and run out all of the old oil. This 
done, screw in the plug and fill the crankcase^ or 
sump, below it, whichever it is, to the oil level withi 
kerosene. 

Now run the engine slowly for half a minute or 

*The Johns-Manville Co., 41st St. and Madison Ave., 
New York City, sell it. 
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so, when it will clean out the working parts of the 
engine. Take out the drain plug again and run out 
all of the kerosene, put back the drain plug and fill 
the crankcase or sump with the heavier grade of lu- 
bricating oil. If nothing else is the matter you will 
find that your engine will develop more power than 
you ever gave it credit for. 

After you have attended to all the above easy 
things, if the compression is still poor, it is then 
time to conclude that (6, 7 and 8) the piston rings 
are at fault, or else (9) the valves do not seat as they 
should. 

(6, 7 and 8) To clean, or replace faulty piston 
rings with a new set, take off the oil shield or crank- 
case and remove the nuts from the bolts that hold 
the crank bearings in place. Turn the crank to its 
outer dead center and you can then pull the piston 
out of the cylinder. The next thing to do is to clean 
it with a solution of hot lye and water, then wipe it 
dry and wash it off with kerosene. 

To take off the piston rings raise up one end of 
one of the rings, slip a strip of tin, about ^-inch 
wide and 5 or 6 inches long, under it and work it 
around until it is midway between the ends of the 
ring. This done, slip another strip of tin under 
each one, as shown at A in Fig. 69, when you can 
easily push the ring from the groove it seats in and 
off of the piston. 

Iron piston rings can be expanded and then 
slipped over the head of the piston onto their grooves 
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or seats, but do not tiy to expand steel rings. Instead 
when you put one of the latter on the head of the 
cylinder press down on one end until it goes into 
the groove and then screw it around until the whole 
ring is seated in the groova 

(9) The two chief reasons why valves leak are 
because (a) carbon gathers in a film on the valve 
seat and (b) the valves get warped by the heat.^ 




Fig. 69. — ^A. How to Take Off a Piston Rmo 



When a valve leaks take off the cylinder head or 
combustion chamber, as the case may be, and then 
you can lift out the valve. 

The next step is to grind the valve, and this yoa 
can do by rubbing a little grinding paste ^ on the 
beveled edge of the valve seat ; now set the valve in 
the seat and turn it back and forth a quarter of a 
revolution at a time with a grinding tool, which 

* Valves made of tungsten steel do not warp. 

'You can buy a grinding paste ready made or you can 
make it by mixing some No. 120 emery with a little oil and 
thin it down with kerosene. 
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is made like a carpenter^s brace, only very much 
smaller. See B, Fig. 69. 

After you do this for a while wipe the paste from 
the valve and mark the beveled edge up and down 
with parallel lines with a very soft lead pencil, put 
the valve back in its seat and turn it to and fro 
again. 



GRtNDIN^ TOOL 
iNBiTSrOCK 







SPRING .^ _„^-^ 

vMsrc 



B 



Fig. 69.— B. How to Geind a Valve 

If, now, all the pencil marks are rubbed out yon 
will know that the valve and its seat are ground true, 
but if some of the marks still show keep on grinding 
the valve until it does seat right. When you are 
satisfied with the job clean off both the valve and 
the seat with gasoline and be sure that every particle 
of the paste has been removed. 

When the Engine Begins to Knock. — Where the 
Trovhle Lies. — There is an even dozen different dis- 
eases that make an engine knodi, and, specified, these 
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are (1) the spark is advanced too far; (2) it needs 
water, or lubricating oil, or both; (3) the spark- 
plugs need cleaning; (4) the compression is too 
high; (5) the bolts of the flywheel are loose. 

(6) The fuel mixture is not proportioned ri^t; 
(7) the bearings have too much play; (8) the piston 
or piston rings strike a ridge in the cylinder; (9) 
the clearance of the piston is too great; (10) there is 
carbon in the cylinder; (11) premature ignition 
caused by red-hot particles of carbon and (12) the 
piston head is too thin* 

Locating and Removing the Cause. — ^The first 
thing to do is to (1) retard the spark by means of 
the spark control lever, and this will take the noe 
out of the knock if it was caused by the spark being 
advanced too far. 

(2) The next best guess is that there is a lack of 
water in the cooling system, or a lack of oil in the 
crankcase or sump. If after supplying these essen- 
tial liquids and making sure that the oil is feeding 
properly the engine keeps on knocking, then (8) 
try cleaning the spark-plugs. 

Next (4) try the compression by opening the com- 
pression cock in the head of the cylinder a little; 
should you find that this eliminates the knock the 
remedy is to put in a shim^ between the crankcase 
and the open end of the cylinder, so that there is 
more space between the piston and the head of the 

^ A shim is a thin piece of metal used to widen the distance 
between two parts of a machine. 
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cylinder. This done, see (5) if the bolts of the fly- 
wheel are loose, and if so tighten them up. 

Then (6) change the proportions of the fuel mix- 
ture and try a rich mixture, that is, one in which 
there is a large amount of gas, gasoline or oil and a 
small quantity of air, and if this doesn^t help mat- 
ters reverse the proportions and try a lean mixture. 

Look after (7) the bearings of the crankshaft and 
if these are loose take out one or more shims on 
each side and tighten up the bolts of the bearings. 
(8) Should there be a ridge in the cylinder the only 
remedy is to rebore the latter or put in a new one, 
and if there is too much piston clearance take out the 
piston and put in new piston rings. 

When knocking is caused by (10) preignition due 
to incandescent carbon in the cylinder, or because 
(11) there is a deposit of carbon in the cylinder it 
must be cleaned out. To get out the carbon yon 
must take off the cylinder head and remove the inlet 
and exhaust valve caps. 

By turning the crankshaft over you can bring the 
piston to its inner dead center so that it will be close 
to the cylinder head and then you can scrape the 
carbon loose and into the exhaust passage. After 
you have removed all of the carbon in this way brush 
the valve heads and their seats clean so that none of 
the particles of carbon stick to them and then wash 
them with kerosene; finally (12) should the piston 
head be too thin the only way to effect a cure is to 
put in a new piston with a thidker head. 
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When the Engine Overheats. — The Ca/use of the 
Disturbance. — The chief reasons why an engine over- 
heats are (1) that there is a lack of water; (2) the 
water pump may not be working right, or (3) the 
water pipes or the radiator may be clogged up. 

(4) The oil may be of poor quality; (5) the spark 
may be retarded too much, or (6) if the engine is 
on a motor car the fan belt may be slipping; (7) 
the exhaust pot or the muffler may be choked up 
with soot; (8) the valves are not timed properly; 

(9) the fuel mixture is not properly proportioned; 

(10) the valves do not seat right; (11) the engine 
has not been tuned up, or run in, as it is called, 
and lastly (12) the radiator is too small for the 
engine. 

How to Remedy the Defect — ^When your engine 
gets too hot see that (1) there is a constant supply 
of cool water circulated between the jacket and the 
cylinder. If your engine has a hopper on it do not 
fill it more than % full of water, because the water 
will splash out when it boils; on the other hand, 
never let the water get as low as the top of the cyl- 
inder, for then the latter will get too hot. 

When the engine is working under a heavy load 
the water may boil, but this should not interfere 
with its proper working. Add water as it evap- 
orates to keep it up to the right level. (2) Find out 
if the water pump is fouled and if so clean it out, 
and (3) also clean out the water pipes in the radi- 
ator, if the engine is a motor car one. 
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(4) Be sure the lubricating oil you use is of the 
best quality and that there is plenty of it; next (5) 
advance the spark, and (6) tighten the fan belt if 
it needs it. (7) The exhaust pot should be cleaned 
frequently, and even with mobile engines the muf- 
fler must be kept free from soot. 

(8) To time the valves is a very particular job, 
especially if your engine has more than one cylinder, 
and unless you understand how to do it, you had 
better let some machinist who is an internal com- 
bustion engine expert time it for you. 

In some stationary engines the inlet, or suction 
valve, is automatic in its action, and hence it needs 
no adjustment for timing. In engines of this kind, 
however, the exhaust valve should begin to open 30 
to 35 degrees before the outer dead center of the 
crankshaft is reached. 

The exhaust valve should close when the crank is 
about 5 degrees above the inner dead center. 

To time the exhaust valve as above turn the crank 
over until it is in an upright position. Now adjust 
the exhaust valve rod so that there is about -A^ inch 
space between the end of it and the adjusting screw 
in the valve rocker arm. When you have done this 
the timing gears will set so that the exhaust valve will 
open and close as I have stated above. 

Where the inlet valve is worked by a cam, as in 
all mobile engines, it must lag, that is, it must not 
open until ju^t after the piston has made its exhaust 
stroke, and it must remain open, or lag, until the 
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piston has made about ^ of its compression stroka 

So that the burnt gases can be pushed out of the 
cylinder, or scavenged, to the best advantage the 
exhaust valve must lead a little, that is, it must open 
just before the power stroke is finished. Further, 
the exhaust valve when it is open must lag after the 
piston begins to make its suction stroke, so that every 
particle of the burnt gases can be scavenged and 
got out of the cylinder. 

9) When the fuel mixture is not properly pro- 
portioned, try making a lean mixture, that is, cat 
down the amount of fuel for the quantity of air 
used. 

Where a carburetor is employed to provide the 
fuel mixture if the latter is too rich at high speeds 
and when the load is light the cylinders will heat up 
unduly. To remedy this defect all you have to do 
is to cut down the amount of fuel or to adjust the 
butterfly valve in the main air inlet, or auxiliary 
air valve, until the fuel mixture is of the right 
quality. 

(10) If the valves do not seat properly they must 
be ground, as I explained in paragraph 9 under the 
heading of When the Engine Works Badly. (11) 
An engine may overheat if it is new and has not been 
run in, but this should, of course, be done at the fac- 
tory, and not at your expense. When you get such 
an engine, all you can do is to run it at a low rate 
of speed until it is tuned up. 

(12) Finally, if the radiator is too small to keep 
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down the temperature of the water which circulates 
through it and the water spaces around the cylin- 
der, the only remedy is to get a larger radiator and 
put it on. 

First Aid to An Injured Eng^e. — There are a 
lot of little things that get the matter with internal 
combustion engines, and if you let them go they 
may develop into real troubles, and this is particu- 
larly true of small units. 

i 
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Fig. 69 — C. Stektching a Valvb Spring 

Stretching Valve Springs, — If you find that your 
engine does not run as smoothly as you think it 
ought to, put the blade of a screw driver between the 
turns of the valve spring, as shown at C in Fig, 69. 
If this makes the engine run steadier or it picks up 
in power it shows that the spring needs stretching, 
so take it out and stretch it or, better, put in a new 
one. 

Leaks and How to Stop Them. — A leak in a gaso- 
line or an oil pipe if it is not too large can be stopped 
by putting a piece of common brown soap in the 
hole and then wrapping the pipe with a piece of 
electrician's tape or adhesive plaster tape. This is a 
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first-aid repair and, of course, you must solder the 
leak as soon as you can. 

If the water leaks at the joint where the flanges of 
the water piunp and pipe are bolted together you 
can stop it temporarily by driving a thin, soft pine 
sliver into it, and this will last until you can put in a 
new gasket. If your engine is a mobile one and has 
a radiator on it you can stop a leak in it by plugging 
up the hole with a bit of chewing gum. 

To stop a leak around a spark-plug either screw 
the plug in tighter, or if this does not do the trick 
put in a new one. 

How to Clean Spark-plugs. — ^Dip an old tooth 
brush into some gasoline and scour off the points 
of the plug with it. If the deposit of carbon on 
them does not come off you will have to scrape it off 
with the blade of a knife or use a jeweler^s file. 
When you have the points nice and bright wash them 
off with gasoline. 

Cutting New Gaskets. — ^When making new gas- 
kets use asbestos packing with a brass wire mesh^ 
in it, for rubber packing will often rot or bum out 
when subjected to hot water and hot gases. 

On Making Small Bepairs. — ^Even if you are not 
mechanically inclined, when some small part breaks 
on your engine you can get a repair part from the 
maker and replace it yourself. By so doing you will 
not only save money, but you will get a better work- 

^ This can be bought of tbe Johns-ManviUe Co., 4l8t St. and 
Madison Ave., New York City. 
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ing knowledge of your engine, and this is decidedly 
the right thing to do. 

Every maker of good engines issues a price-list 
of parts, and as these are interchangeable you can 
send and get a replacement for any part of your 
engine, from the smallest screw on up to the base, 
and you can be morally certain that it will fit ex- 
actly when you get it. 

About Making Big Repairs. — It isn't very often 
that anything goes wrong or breaks on a big engine, 
but if some part should, you can get a duplicate of 
it just the same. It may just be that you feel you 
are not competent to make the replacement, and if 
this is the case get a machinist at any shop and he 
will do it for you at a small cost. 

Where a large part is broken, such as a connect- 
ing rod or a crankshaft, or a cylinder is cracked, 
you can have the parts welded together cheaper than 
you can buy the replacement. 

Welding is done by three different processes, and 
these are (1) the oxy acetylene, (2) the electric and 
(3) the thermit processes. By writing to the fol- 
lowing companies you can find the nearest shop to 
you which has one of their equipments and where the 
part can be welded. The Prest-O-Lite Co., 206 Am- 
sterdam Ave.; Thompson Electric Welding Co., 30 
East 42d St., and Ooldschmddt Thermit Co., 120 
Broadway, all of New York City. 
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SCHEMES FOB POWEB TBAKSMISSlOSr 

Since an internal combustion engine cannot de- 
velop power until it is running at a certain speed 
it will not start on full load like a steam engine. 

It is evident, then^ that some sort of a device most 
be used to throw the load on gradually after the 
engine is running at its full working speed. Theze 
are three general schemes used for this purpose, and 
these are (1) the tight and loose pulley, (2) friction 
wheels and (3) clutches. 

The Tight and Loose Pulley. — The simplest but 
far from being the best way to connect an engine 
with one or more machines is to put a tight and a 
loose pulley, see Fig. 70, on the machine and belt it 
either to the pulley of the engine direct or to a 
pulley on a line shaft which is driven by the engine. 

When this arrangement is used, before you stop 
the engine you shift the belt onto the loose pulley. 
!N'ow after you start the engine and it has gathered 
momentum enough you can gradually shift the belt 
from the loose pulley onto the tight pulley that is 
keyed on the driven shaft of the machine. 
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The Use of Friction Wheels. — Wheels in Aligrir 
ment. — ^A simple and effective way for gradually 
transmitting the power of a small engine to a ma- 
chine is by means of friction wheels, and, further, 
in some types of these wheels the speed of the ma* 
chine can be varied within wide limits as the exi- 
gencies of the work may requira 
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Fig. 70. The Belt Dbivib. A Tight and Loose Pullet 



All through this book I have preached the doc- 
trine of lubrication, as this is the last step in reduc 
ing friction to a minimum in machinery, but while 
friction is a thing to be gotten rid of in engines it can 
be utilized to advantage when it is applied in the 
right way and one of these is in friction wheels. 

In its simplest form a friction wheel transmission 
consists of two wheels whose outer faces, or periph- 
eries, as they are called, set in the same plane, and 
which can be pressed together with more or less force, 
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as shown at A in Fig. 11. The wheel which is con- 
nected with the crankshaft of the engine is called 
the driving wheel and the wheel fixed to the line or 
propeller shaft which it drives is called the driven 
wheel, and it is due to the friction, or hite as it is 
called, between their surfaces when in contact with 
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"FiQ. 71. FEictroN Wheel Dbivxs 

A, Friction Drive with Wheels in Alignment. B, Frietioa 
Gear Drive. C^ Priction Drive with Wheels at Bight Angle& 



each other that the first wheel makes the second one 
revolve. 

To get the best tractive effort by means of this 
combination one wheel should have a smooth iron 
face and the other should be covered with leather or 
rubber. To make friction wheels of this type hite 
still better the faces of both wheels are often grooved, 
as shown at B, when they are called friction gears. 

Although in friction wheels there is but a very 
small point of contact between them, yet it takes only 
a slight pressure to bring them together so that the 
driving wheel will transmit nearly all of its power 
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to the driven wheel when the latter has been speeded 
up and, consequently, there will be very little slip- 
page, but, of course, the action is not positive. 

Wheels at Bight Angles. — ^It is possible to do 
many things with friction wheels when they set at 
right angles to each other which could not be done 
with belted wheels or with toothed gears, as cog- 
wheels are sometimes called. 

As an illustration, suppose you want to change the 
direction of the rotative power of the crankshaft of 
your engine at right angles with it, as shown at G, 
then all you have to do is to use a driving disk or 
wheel the side, or flat face of which is covered with 
leather and fix another wheel, or pulley on a shaft 
at right angles to and so that it will press on it. 

Now, when the engine runs and you apply pres- 
sure to the friction wheels the power will be trans- 
mitted from the driving wheel to the driven wheel 
and the direction of the rotation will be changed 90 
degrees; moreover, if you will fix the driven pulley 
on its shaft so that it can slide on and yet turn it ^ 
and then move it from the center of the driving 
wheel to its circumference, the speed of the driven 
wheel will be raised from + to maximum. 

* This is done by using a feather key to secure the wheel 
and the shaft together. That is the shaft and the inside of 
the hub of the wheel have shots, called keyways, cut length- 
wise in them; a straight key is fixed in the keyway of the 
wheel and when the latter is slipped over the shaft it makes 
a sliding fit in the keyway of it. 
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Further, if you shift the driven wheel across the 
center of the driving wheel from one side to the 
other the direction of rotation of the driven wheel 
will he reversed. This is the kind of a power trans- 
mission device that is installed in the Metz motor 
car for connecting the propeller shaft with the crank- 
shaft of the engine, and by means of it the usual 
clutch arrangement and transmission gears are dome 
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Fig. 71 — ^D and E. Feiction Wheel Dsivss 

D, Friction Drive with Beveled Driven WheeL E, Frieticm 
Drive witb Driven Shafts in Alignment. 

away with and a variable change of speed is gained. 

Finally, you can bevel the driven wheel, as shown 
at D, and in this way change its angle of rotation in 
relation to the rotation of the crankshaft, and make 
it revolve at whatever angle it may suit your pur- 
pose the best. 

But setting another wheel on the opposite side 
of the driven pulley, as shown at E, with its face 
parallel with the face of the driving wheel and with 
its shaft in a line with the crankshaft, then the latter 
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will rotate in the reverse direction to that of the 
driving wheel. 

How Friction Clutches Work. — ^With friction 
wheels, as you have seen, both elements, as the driv- 
ing and the driven wheels are called, rotate and it is 
the friction at their points of contact which prevents 
them from slipping. 

Now, friction clutches differ from friction wheels 
in that after the driven cone or disk, which is fixed 
to the machine, is brought up to a speed as high as 
that of the driving cons or disk the former is forced 
hard against the latter, and they revolve in the same 
direction together, exactly as if they were a solid 
line of shafting. 

Clutches for Mobile Engines. — ^In mobile engines 
such as are used on motor cars the friction clutch in 
one form or another is held in high favor among 
engineers as an easy and effective means for con- 
necting and disconnecting the drive shaft with and 
from the crankshaft of the engine. 

In fact, with the exception of the Metz car, which 
has the friction wheel drive described above, and 
the Owen car, which employs a magnetic clutch, to 
be described presently, all motor cars are provided 
with friction clutches. 

There are two kinds of friction clutches designed 
especially for motor cars and these are (1) cone 
clutches and (2) disk clutches. 

The Cons Clutch. — The cone clutch is formed of 
a leather-covered cone fixed to the end of the drive 
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shaft and this is made to fit into a oonical i 
member, that ia, a cone-shaped hole in a piece of 
steel — ^usually the flywheel — and this is keyed to the 
crankshaft of the engina 

A strong, steel spiral spring forces and keeps the 
cone in the recessed member all the time except when 
it is pushed ont by a lever worked by t^e foot of t3ie 
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Fig. 72. The Uotob Cut Faifyrms Conk Clctch 
A. — Dia^am of a simple Con9 Cloteh. B. — How a. ICotor 
Car Clutch ia Made. 



driver who is running the car. The whole sdieme is 
shown at A and B in Fig. 7S. 

The Disk Friction Clutch. — In this type of dntoh 
a number of thick, sheet steel disks, called the drioen 
disks, are fixed on the drive shaft, and these intei^ 
leave with an equal number of circular rings called 
the driving disks, which are mounted on the cranio 
shaft of the engine. 
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A stiff, spiral spring holds the driven disks in 
close contact with the driving disks except when thej 
are pushed out by the clutch pedal. Disk friction 
dutches for motor cars usually nm in oil to keep 
thran from wearing, but this does not prevent them 
from biting enough to make them hold rigidly to- 
gether. 

uiTCH zmaCR 

'NMUST BCMIMt 
^OJl/STMCMr HUT 




FiQ. 73. A Disk Gldtce ton a Uokib Cu 

The Magnetic Clutch. — In this type of clutch 
magnetism is used instead of friction to grip the 
driving and driven shafts. The principle of the 
magnetic clutch will be understood from the draw- 
ing Fig. 74- I-et a horseshoe magnet be mounted on 
the driving shaft and a round, soft iron core, or 
armature, as it is called, be mounted on the driven 
shaft so that they are free to revolve independently 
of each other. 
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half is a yoke for secoring the hand shifting lever to 
the sliding sleera 

Finally, there is a balance weight to coontorbal- 
ance the lever and toggle and this prevents the cen- 
trifugal force from throwing the clutch in gear when 
it is running at a high speed. A longitudinal cross- 




Pifl. 75. A PEicnoN SHArc Clotch 
A, 'A. Lengthwise CrosB Section View of the Clut^ B, 
TrEuiETerw Cross Section View of Uie Clutch. C, The Clutch 
on Adjacent Shafts. 



section of the clutch is shown at A in Fig. H, a 
transverse cross-section of it is shown at B, and the 
clutch complete at C 

For Bmall engines the clutch, which is also used 
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for a pullej, ia vorked hy a liand wheel as ahowx[ at 
'A in Fig. 76, tut for larger enginea it ia operated 
by a lever, as shown at B. 

Split Friction CltUchea, — ^A split friction clvtch 
ia made in halves ao that it can be put on the ad- 
]ac^it ends of the lengths of a line of shafting al- 
ready in place, and can be readily installed with- 




Pra. 76, Flywhto. Cldtchbs 
A, Flywheel Hand Type of Fiictioii dutch. B, rtfwbgd 
Lever Typo of Friction Clutch. 

out taking down the shaft or disturbing any of the 
equipment upon it. Then again, it afiords the 
greatest ease in taking off old parts and putting in 
new parts should any repairs or renewals be neces- 
sary.' 

Magnetic Clutches. — This typo of clutch is con- 
structed on the same general principle aa the one 

* For friction clutches of this type write A. & F. Brown, 
79 Barelay Street, Kew York. 
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Now if the soft iron core is placed between the 
poles of the magnet and the latter is rotated the iron 
core will be attracted to and ptdled around with it 
in virtue of the magnetic lines of force that flaw 
through them. To engage and disengage a magnetic 
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Pig. 74. A Magnetic Clutch foe a Mot(» Cab 

A, Principle of the Magnetic Clutch. B, Magnetic Clnteh 
Schematically Shown on a Motor Car. 



clutch an electromagnet energized by a battery is 
used instead of the permanent one and the magnetic 
pull exerted by it on the iron core can be varied from 
to a pull between them which is without slippage. 
Clutches for Stationary Engines. — Two kinds of 
clutches are used for coupling up stationary engines 
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to machinery and these are (1) fricti'On clutches and 
(2) magnetic clutches. 

Friction Clutches. — Clutches of this type can be 
divided broadly into two classes namely (1) solid 
clutches and (2) split clutches. These classes can 
be further divided into those (a) in which the pres- 
sure necessary to set up the friction is applied by 
hand, and (b) in which it is set up by the running of 
the engine. 

How a Friction Clutch is Made. — ^A friction clutch 
consists of two chief parts and these are (1) the 
shell half and (2) the mechanical half. The shell 
and its hub is of cast iron and forms a perfectly 
smooth friction surface. 

The mechanical half is made up of a driving plate 
on which an expansion ring is mounted, and this 
consists of two or more segments according to the 
size of the clutch. These segments can be forced 
apart or expanded, so that the wood friction shoes, 
which are bolted to them, are brought into contact 
with the inside of the shell by means of a right and 
left thread screw lever which run in nuts and which 
set in the opposed ends of the expansion ring and are 
held in position by a screw and shoe. 

The right and left screw lever is worked by a 
powerful toggle which in turn is operated by a slid- 
ing sleeve. The combination of the right and left 
threaded screw makes a positive acting device of 
great power. At the outside end of the mechanical 
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half is a yoke for securing the hand ahifting lerer to 
the sliding sleere. 

Finally, there is a balance wei^t to coimtetbal- 
ance the lever and tc^le and this prevents the cen- 
trifugal force from throwing the clutch in gear when 
it is running at a high speed. A longitudinal oros»- 




PiG, 75. A PEicnoN Shaft Clutch 
'A, 'A. Iietigtbrnee Cross Section View of the Clnteh. S, 
Tiaasntae Cross Section View of tlie Clutch. C, The Olntdi 
on Adjacent Shafts. 



flection of the clutch is ahown a.t A in Pig, tk, a 
transverse croBS-eection of it is ahown at B, and the 
clutch complete at C 

For amall engines the clntch, which ia also used 
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for & pulley, is worked by a hand wheel as ahowii at 
A in Fig, 75, but for larger engines it ia operated 
by a lever, as shown at B. 

Split Friction Clutches. — ^A split friction clutch 
is made in halves so that it can be put on the ad- 
jacent ends of the lengths of a line of shafting al- 
ready in place, and can be readily installed withr 




A 

Pra, 76, VLTvrsBB. Clutchm 
A, Flyirlieel Hand Tfpe of Friction dutch. B, flywheel 
Lever Typo of Friction Clutch. 

out taking down the shaft or disturbing any of the 
equipment upon it. Then again, it affords the 
greatest ease in taking off old parts and putting in 
new parts should any repairs or renewals be neces- 
sary.' 

Magnetic Clutches. — This type of clutch is con- 
structed on the same general principle as the one 

* For friction clutches of thia ^rpe mite A. & F. Blown, 
79 Barclay Street, New York. 
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described for mobile engines. It is diiefly used for 
stationary power installationfl where electric gen- 
erators or converters are to be started up and wbidi 
must not too greatly disturb tbe load.^ 

^For magnetic dutches write Cutler-Haminer Clutch Co., 
Milwaukee, Wis. 



CHAPTER XI 

THE KIND OP AN ENGINE YOU WANT 

There are many makes of internal combustion 
engines on the market and the kind you want wiU 
depend very largely on what you intend to use it for 
and the conditions under which you are going to 
run it. 

There are, however, a few considerations in buy- 
ing an engine that are fundamental and which if 
you are looking for service and economy at the same 
time you ought to know about, for if you buy one 
haphazard of the first make you come across you 
will stand a very slim show indeed of getting a good 
one at a fair price. 

Small versus Large Concerns. — ^Far be it from me 
to want to hnock the small manufacturer but to buy 
the best gas engine that can be made and get a guar- 
antee that is backed up by something that looks like 
real responsibility you have simply got to buy an 
engine of a big maker or of a house of recognized 
financial standing. 

When you buy an engine of such a concern and 
anything goes wrong with it you will have far less 
trouble in getting the dealer to make good in ad- 
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justing the matter. Not only this but all up-to-date 
engines are built on the interchangeable plan^ as I 
have mentioned bef ore, and if you are dealing with 
a big company you can get a repair part in the short- 
est possible time because they always keep a large 
stock of replacements on hand. 

Further, all big concerns have branch offices in 
many of the larger cities in the United States and 
so wherever you live you will have one of these serv^ 
ice stations close at hand and this is a very great conr 
venience. Finally, a lot of the smaUer makers come 
and go and if you have one of their engines and they 
go out of business the only way you can get a repair 
part is to have it made to order, and this will some- 
times run your replacement part into big money. 

And another thing, don't make the mistake of buy- 
ing an engine of some obscure maker because yon 
can get it a deal cheaper than you can get one of 
the same horsepower of a well-known maker* If big 
concerns charge more for their engines you can de- 
pend on it that a good engine built to stand the test 
of time and the stress of duty simply can't be built 
for a lower price. Shoddy costs less in the begin- 
ning, but it can't compete with wool for wearing qual- 
ities. 

Finally, every large manufacturer maintains an 
experimental laboratory where all new devices ^re 
tested out by experts before they are ever put on the 
engines they selL 

In order to buy a cheap make of engine second 
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hand and get your money's wortli you must be able 
to do, as the magician says, possible impossibilities, 
and that is to perform to a nicety the operation that 
is called in mathematics the calculus of probability 
which in turn means the calculation of the likelihood 
of events. 

Then after you have found the product, looked 
over the machine, paid the purchase price and in- 
stalled it you will be the better able to bear up with 
fortitude if anything goes wrong with it. 

But if you can buy a good make of second-hand 
engine like the Otto, or Bessemer or De La Verne 
of a reputable dealer who may occasionally have such 
a one that he has taken in part payment for a new 
one of greater power you will not only be satisfied 
with it, but you will save a lot of money in its ini- 
tial cost and in its upkeep as well. 

Vertical versus Horizontal Engines. — ^Where your 
floor space is at a premium the vertical type of en- 
gine is, of course, the one to use and hence this ap- 
plies to all motorcycle, motor car, marine and air- 
plane engines and very often to stationary engines, 
as well. 

Not only is floor-space a factor in choosing be- 
tween the vertical and horizontal types of engines, 
but since the crankshaft of the former sets close to 
the bottom of the frame it puts it in exactly the right 
place to couple it up with the propeller shaft of the 
cycle, car, boat or plane. 

In very small stationary engines it does not mat- 
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ter much whether it is vertical or horizontal, imless 
the crankshaft of the engine is to be coupled direct 
to the armature shaft of a djnamo when the design 
of the former makes it somewhat easier to connect up 
and perhaps a bit steadier when it runs. 

A little horizontal engine is easier to cool than a 
vertical engine for the reason that a water hopper 
can be mounted directly on top of it, and where an 
engine is to be belted to a dynamo or other machine 
a horizontal engine is perhaps a trifle more rigid than 
a vertical engine. 

Nearly all large engines except those built for the 
marine service are made horizontal because they are 
easier to build, to set up, to get at, are more rigid, 
and, hence, there is less vibration. 

Two Stroke Cycle versus Four Stroke Cycle En- 
gines. — ^All motorcycle, motor car and airplane en- 
gines are made on the four stroke cycle principle^ 
while marine and stationary engines are made on.; 
both the two and four stroke cycle principles. -j^ 

Two stroke cycle engines in one and two cylinder 
types run a little smoother than those of the four 
stroke cycle types having the same number of cylin- 
ders, because in the former there is a power stroke 
to every revolution of the crankshaft while in the 
latter there is a power stroke to every two revolu- 
tions. 

In virtue of the fact that the fuel mixture in a 
two stroke cycle cylinder, especially in engines of the 
smaller sizes, is always contaminated by the burnt 

172 



KIND OF AN ENGINE YOU WANT 

gases it is harder to start a two stroke cycle engine 
than it is a four stroke cycle engine of like size- If 
the engine is a large one and has a self-starter^ this 
difficulty need not concern you. 

Because there is an explosion to every revolution 
of the flywheel two stroke cycle engines are smaller 
and weigh less since the power is delivered every 
other stroke instead of every fourth stroke and con- 
sequently the flywheel can be made some lighter. On 
the other hand a two stroke cycle engine heats up 
more than one having a four stroke cycle, and it 
takes therefore more water to cool it. But this is 
of no import£^ce if it is to be used for driving a mo- 
tor boat. 

Single Cylinder versus Multicylinder Engines. — 

It is a well known fact in engine calculation that the 
fuel economy rapidly increases with the size of the 
cylinder. Since this is true it stands to reason that 
a single cylinder engine is always the most economi- 
cal not only in its first cost but in its operation as 
well. 

A single cylinder engine is more simple to man- 
age and you should always use it for stationary work 
if you can possibly do so. But when the size of the 
cylinder reaches a certain critical point it cannot 
be easily increased and so where more than 75 or 
100 horsepower is needed it is the better practice 
to install an engine having two or more cylinders. 

The Size of an Engine in Belation to Its Fuel 
Economy. — The fuel economy always raises with the 
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load but in an engine of good design it will lemain 
pretty nearly the same from three-quarters load on up 
to f uU load. 

For this reason it is not good practioe to buy a 
2 or 3 horsepower engine if a 1 horsepower engine 
will give you all the power you need. Not only is 
the fuel economy greater when the engine is running 
on full load but it uses less lubricating oiL 

While all reputable engines are built to cany 
overloads still it is bad policy to install too small an 
engine; for it will have to bear the brunt of extra 
wear and tear due to excessive stress and strains 
and these will be sure to cost you dearly before the 
end. 

The Type of an Engine in Bdatieii to the Fosl 
Available. From what has gone before you will get 
a pretty clear idea of whether you want a vertical or 
a horizontal engine^ one that works on a two or a 
four stroke cycle^ and the size you need^ and new 
comes the question of the kind of fuel that you must 
bum in your engine. 

In districts where natural gas can be had or wbeM 
illuminating gas can be bought at a low cost these are 
the ideal fuels^ but for engines of from 40 to 800 
horsepower producer gas will be found the most 
economicaL 

Oasoline is the kind of liquid fuel to use where 
high speeds and certainty of operation^ as in mobile 
engines, are required and economy is not of the great- 
est importance. In small engines, such as are used 
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on the farm where a cheaper fuel is preferable, an 
oil engine using a low grade of kerosene is the kind 
to get 

Crude fuel oils are not to be reconunended for 
very small engines but where you can get this fuel 
cheaply and where high economy must be practiced, 
if you can use an engine large enough to bum them 
successfully, by all means do so. 

Electric versus Other Ignition Systems. — ^En- 
gines that burn gas or gasoline can be operated best 
by some kind of an electric ignition system. 

A wipe spark gives the best results when used 
with large gas and gasoline engines, since neither the 
speed nor the compression is very high. 

Where a jump-spark system is employed in which 
the spark is set up by a battery and a spark coil, 
dry cells will not stand up long under the strain, and 
if possible you should put in a storage battery, or, 
better, a magneto. 

For a motor boat or a small stationary engine a 
dry battery will serve in a pinch for energizing the 
spark coil, but the engine wiU never deliver its full 
power when it is used. 

Nearly all motor cars and many motor boat en- 
gines are equipped with a circuit hreaJeer spark-coil 
system, or distributor system, as it is called; in 
this ignition apparatus a storage battery is used to 
energize the spark coil, but the better makes of mo- 
bile engines are also fitted with a high tension mag- 
neto and this gives a good hot spark. 
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A magneto is far less troublesome on statioxiaxy 
engines than any kind of a battery operated spark-coil 
system, but while its initial cost is higher, it is well 
worth the difference in the price. On hand-started 
gas and gasoline engines an oscillating magneto is 
better than a rotating one, because the armature of 
the former is only turned through a very small are 
past the poles of the magnet by a pair of stiff springs, 
and, consequently, it delivers a hot spark the first 
time you turn the flywheel over. Oscillator mag- 
netos are not suitable for high-speed mobile engines^ 
but on medium-sized stationary engines they give 
very satisfactory results. 

Where crude oils furnish the fuel a semi-Diesel 
engine, that is, one fitted with a hot ball, or bonnety 
or a straight Diesel engine, in which the charge ig- 
nites automatically, is the proper kind to get, for it 
takes a very hot cylinder to change these fuels into 
gases that will burn and not leave behind a residue- 
Kinds of Lubricating Systems. — ^In small station- 
ary engines a simple oil-cup drip feed can be used, 
but a splash lubricating system will give better serv- 
ice, while in larger engines the best results are ob- 
tained by the force feed system. 
How to Use the Power of Your Engine. — The 

Mechanical Way. — ^In motorcycles, motor cars, motor 
boats, and airplanes the engines drive the propeller 
shafts either through clutches and transmission 
gears, through clutches alone, or by being directly 
connected, and that is all there is to it, as far as 
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you are concerned. But on the farm^ things are 
very different, for there may be a dozen distinct ma- 
chines you want to drive with your engina 

Again, occasionally, you may want to use your 
engine in any one of a number of places and under 
various conditions, and you must think about all 
these details before you invest your money in one. 
Where an engine is to be moved about it can be set 
on a skid if it is a small one, or it can be mounted 
on wheels, as shown in Fig. 36, if it is too heavy for 
two men to carry about. 

Where machines such as com-shellers, circular 
saws for sawing wood, pumps, cream separators, 
lathes, grind-stones and the like are to be run by a 
stationary engine, the pulley of each one can be of 
such a size that it can be belted to the engine when 
you want to use it, though for some machines a 
countershaft will have to be used to decrease or in- 
crease the speed that is required. 

When a number of machines are to be thus run 
by an engine it will save time, trouble and expense 
to fit up a regular shop and use a line of shafting 
so that any machine can be shifted in or out of gear, 
or two or more machines can be operated at the same 
time. 

The Electrical Way. — ^If your engine is to be used 
to drive a dynamo for generating an electric current, 
the crankshaft can either be coupled direct with the 
armature shaft or the engine can be belted to the 
dynamo, just as it is with any other machine. 
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Now, an electric current generated hy a dynamo 
is useful in the house and on the farm in Haee dis- 
tinct and wholly different ways, and these are (1) 
for lighting, (2) for heating, and (8) for power. 

None of the very small single cylinder A^gi""^ 
that are now marketed have close enough regnlatioo, 
that is, they do not run steady enough, to drive a 
dynamo so that the current can be taken off directly 
from the latter and used for lighting incandescent 
lamps. 

To do this successfully a storage battery must be 
connected to the dynamo and charged by it and then 
the current can be used from the battery and lamps 
which are lighted by it will not flicker. 

A large single cylinder engine which uses either 
gaS; gasoline or oil can, if it is fitted with a good 
governor, be employed to run a dynamo, and the 
current generated by it be used for lighting without 
the intervention of a storage battery. 

Where an engine drives a dynamo for lighting 
and a storage battery is not installed the plant must, 
of course, be kept running all the time the lights 
are on. But where a storage battery absorbs the 
electric energy from the dynamo and then gives it 
up to light the lamps, the engine can be shut down 
and the current supplied entirely by the storage 
battery. 

Further, if you want to light more lamps than 
either the dynamo or the storage battery can singly 
generate or deliver enough current for, you can cany 
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the peah load by driving the dynamo and using the 
current from it and the storage battery at the same 
time. 

When the current from a dynamo is used only for 
heating and power purposes the regulation of the 
engine need not be anywhere nearly as close as for 
lighting. Small portable electric motors can be 
bought, and with these you can do nearly any kind of 
work anywhere by simply plugging into an electric 
light socket. 



CHAPTER Xn 



USEFUL INFOBMATIOir 



Fire Underwriters' Boles for InstaUing and Us- 
ing Internal Combustion Engines. InstaUing Gm 
Engines. — (1) Location of Engines, (a) The engine 
should^ wherever possible^ be located on the ground 
floor. 

(b) In workshops or rooms where dust or inflam- 
mable flyings prevail^ the engine should be enclosed 
in a suitable compartment^ well ventilated to the 
outer air at floor and ceiling. 

(c) If the engine is located on a wooden floor, the 
floor under it and for 24 inches outside of it should 
bo covered with metaL 

(2) Piping. — (a) This must be provided with a 
shut-off valve located in an accessible place on the 
service side of the pressure regulator. 

(b) Piping and connections must be run as direct 
as possible, and be thoroughly tested before being 
placed in service. 

(3) Igniter or Exploder. — ^Electric ignition only 
must be used. Hot tubes and any provision for their 
installation on engines are prohibited. 

(4) Muffler or Exhaust Pot. — (a) Exhaust pots 
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must be placed on firm f oimdations^ and mufflers and 
exhaust pots are to be kept at least one foot from 
woodwork or combustible materials. 

(b) Exhaust pots of the closed type must be pro- 
vided with plugged opening, placed near the bottom 
and below the exhaust pipe connection. 

(5) Gas Bag or Pressure Regulator. — (a) Qas 
bags, if used, must be enclosed in a substantial air- 
tight drum, of approved construction, vented to the 
outer air through a pipe used for no other purpose. 

(b) Where it is not otherwise provided for, the 
regulator should be arranged with an automatic gas 
shut-off to prevent the flow of gas into the room in 
case the engine shuts down from any cause. 

(6) The Exhaust Pipe. — This pipe, whether di- 
rect from engine, or from mufflers, shall, where prac- 
ticable, be carried above the roof of the building in 
which the engine is contained and above adjoining 
buildings. When buildings are too high to make 
this practicable, the pipe shall end at least 10 feet 
from any wall opening. 

No exhaust pipe must be within 9 inches of any 
wooden lath and plaster partition, ceiling, or other 
combustible materiaL Where exhaust pipes pass 
through combustible partitions they shall be guarded 
by galvanized iron ventilated thimbles at least 12 
inches larger in diameter than the pipes, or by gal- 
vanized iron thimbles built in at least 8 inches of 
brickwork or other non-combustible materiaL 

Exhaust pipes must not, under any circumstances^ 

181 



GAS, GASOLINE AND OIL ENGINES 

be coDnected into chinmeTB or floee^ except lliii Sb 
pipe may pass up in fines which aie nsed for no dOaee 
purpose. 'So exhaust pipe shall pass fluoiig^ snj 
floor, nor throng a roof having wooden framewodc 
or covering* 

As the pipe is apt to heoome very hoi it shoald 
have additional protection where dust or inflammmfale 
flyings are present 

(7) The Engine Base. — It is reooanmended tint 
the base be constructed with a groove or channel iot 
prevent lubricating oil from sucking into floon. 

(8) LuhriccUing OH Drips and Pans. — (a) Theao 
must 'be provided to prevent the oil from spilling. 

(b) Cranks and other rapidly revolving or recipro- 
cating parts must be shielded to prevent throwing of 
oil. 

(9) About Name Plates. — ^A name plate giving 
the name of the manufacturer and the trade name 
of the engine must be secured to the engine; 

(10) Care and Attendance. — ^Due consideratiaii 
must be given to the cleaning of the cylinders, valves 
and exhaust pipe and pot as often as the quality of 
the fuel may necessitate. 

Installing Stationary Oasoline Engines. — (11)] 
Location of Engines. — This is the same as for gas 
engines, as described under the heading 1 and in 
paragraphs a, b, and c. 

(12) Capacity and Location of Tanks. — ^In closely 
built districts, or within fire limits, tanks should be 
located underground to conform to Class B of B^^- 
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lations for Construction and Installation of Contain- 
ers for Storing and Handling Hazardous Liquids. 
You can get a copy of this booklet free of charge 
by writing to the National Board of Fire Under- 
writers, William Street, New York. 

(13) Gasoline Feed-Cup. — (a) This must be ar- 
ranged to prevent spattering, dripping or the ex- 
posure of gasoline either when the engine is at rest 
or running. 

(b) It must also be provided with an overflow con- 
nection which drains back to the supply tank. 

(14) Gasoline Feed Pump. — This must be of ap- 
proved type, secure against leaks with check valves 
placed as close to the pump as convenient. 

(15) Igniter or Exploder. — ^Electric ignition only, 
and the same conditions apply in other respects aa 
for gas engines, as described under heading S. 

(16) Muffler or Exhaust Pot. — Same as for gas 
engines, as described under heading ^, in paragraphs 
a and h. 

(17) The Exhaust Pipe. — Same as for gas en- 
gines, as described under heading 6. Water pockets 
in the exhaust pipe must be provided with suitable 
means for drainage. 

(18) The Engine Base. — (a) It must not be used 
as a storage space for gasoline or other materials. 

(b) See also heading 7. 

(19) Lubricating Oil Drips and Pans. — See head- 
ing 8y paragraphs a and 5. 

(20) Name Plate. — See heading 9. 
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(21) Care and Attendance. — See heading 10. 
Portable GkuK>line Engines. — ^Tinder this heading 

are included the so-called self-contained engines^ 
mounted on skids or wheels^ or otherwise so arranged 
as to be conveniently moved from place to place as 
the necessities of the service may demand. 

These engines are considered more hazardous than 
stationary engines having separate underground stoi- 
age tanks, and should not be used as a substitute for 
stationary engines. When used, their hazards are 
recognized by the inspection department of the Unr 
derwriters, having jurisdiction, and, hence, the fol- 
lowing rules and precautions should be rigidly ob- 
served : 

(22) The Supply TanJe.'r-(si) Gravity feed from a 
supply tank to the engine is prohibited. 

(b) The capacity of the supply tank must not ex- 
ceed the amount of fuel required for 10 hours' run- 
ning, full load. 

(c) The tank must be so mounted as to be pro* 
tected against wear due to jarring and vibrations. 

(d) It must be so located, or protected, as to avoid 
injury from coming in contact with outside objects^ 
as well as to prevent an excessive use of temperature 
of the gasoline due to the heat from the cylinder or 
exhaust 

(23) Piping and Fittings. — See heading IS. 

(24) Gasoline Feed Cup. — See heading IS. 

(25) Gasoline Feed Pump. — See heading H. 

(26) Igniter or Exploder. — See heading S. 
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(27) Muffler or Exhaust Pot — See heading 4> 
paragraph b. 

(28) Lubricating Oil Drips and Pans. — See head- 
ing 5, 

(29) Name Plate. — See heading 9. 

(30) Care and Attendance. — (a) The supply tank 
should be filled during daylight hours only, and while 
the engine is not running. 

(b) The tank should be filled by means of ap- 
proved safety cans, and main gasoline supply should 
be kept in approved receptacles outside of buildings. 

(c) Due consideration must be given to the clean- 
ing of the cylinder, valves and exhaust pipe as often 
as the quality of the fuel may necessitate. 

(d) Portable engines should not be used where 
dust or inflammable flyings prevail, nor be located 
near combustible material. 

Stationary Kerosene and Fuel Oil Engines. — ^The 
following regulations refer to engines using a fuel 
having a flash point above 100 degrees Fahrenheit'. 

(31) Location of the Engine. — Same as for gas 
engines, described under heading i, in paragraphs 
a, b, and c, 

(32) Capacity and Location of Tanks. — ^These 
should conform to the Regulations for the Storage 
and Use of Fuel Oil in Class A, and under the head- 
ing oi 11 \x> 16y inclusive, of Class B. A copy of 
these rules will be sent you free of charge by the 
National Board of Fire-Underwriters. 

(33) Fill and VerU Pipes. — See heading IS. 
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(34) Atuciliary Tanks. — (a) Tanks or other reaer* 
voirs for providing a supply of oil inside of the build- 
ing must have a capacity of not more than 60 gal- 
lons when not of the pressure type. Such tanks miut 
be filled by means of an approved pmnp, which is 
connected by full weight iron or steel pipe to the 
main supply tank 

The auxiliary tanks must be provided with an 
ample overflow pipe connected with the main supply 
tank. The oil must be drawn from the auxiliary sup* 
ply by means of an approved pump worked by the 
engine. Feeding oil by gravity to the engine or pipe 
connections below the oil leyel in auxiliary tanks 
which have a capacity in excess of one gallon is not 
to be permitted. 

(b) Tanks or receivers of the pressure type nmst 
not have a capacity of over 10 gallons^ and must be 
provided with a reliable gauge. This tank must also 
have an approved pressure relief set to operate at a 
safe pressure and connected by an overflow pipe to 
the main tank. 

These receivers when arranged with engine supply 
pipe connections below the oil level, to be so aiv 
ranged that the oil will automatically drain bade to 
the main supply tank when the engine stops, leaving 
not over 1 gallon when necessary for priming. In 
case the supply of oil for the engine by piping is 
connected above the oil level the automatic release 
of the pressure without the draining of the oil may 
be permitted. 
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USEFUL INFORMATION 

(35) Piping. — See heading 12. 

(36) Ignition and Starting. — (a) Torches for 
pre-heating the combustion chamber of engines are 
to be used only while starting the engine, and the 
pressure on the supply reservoir is to be released as 
soon as the engine is firing properly, 

(b) Torches used for initially heating the com- 
bustion chamber must be of a type approved for use 
with kerosene. 

(c) Gasoline, if used for starting engines, must be 
introduced as a fuel inside the cylinders and the 
supply of gasoline must not be more than necessary 
to produce a proper temperature for operating the en- 
gine with the heavier fuel oils. 

(d) The gasoline supply for engines using this 
liquid for starting must be drawn from an outside 
underground storage tank by means of a hand pump 
permanently attached to the engine in an approved 
feed cup or reservoir having a capacity of not more 
than 1 pint and provided with an overflow to the out- 
side gasoline tank; or an approved reservoir of the 
lift out type may be used, provided the capacity is 
limited, as explained in paragraph c, above, but it 
must not exceed 1 gallon, and, further, that the re- 
tention of any gasoline after the engine starts is au- 
tomatically prevented. 

(37) The Muffler or Exhaust Pot. — Same as de- 
scribed under heading i. 

(38) The Exhaust Pipe. — Same as described nn- 
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der heading 6. Water pockets in exhaust pipes to be 
provided with suitable means for drainage. 

(39) The Engine Boom. — Same as described un- 
der heading 7. 

(40) Lvhricaiing OH Drips and Pans. — Same as 
described under heading 8. 

(41) Name Plate. — Same as described under head- 
ing 9. 

(42) Care and Attention. — Same as described HDr 
der heading 10. 

a) 
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Air compressor of Diesel en- 
gine, 123 
cooling system, 81 
pressure feed system for 

motor cars, 83 
scavenging, 126 
valve of a gas engine, 36, 
37 
Airplane engine, gyro, 99 
Airplane engines, 97 
cooling systems for, 181 
mufflers for, 101 
starters for, 101 
Airplane Liberty motor, 97 
Alcohol, fuel, 117 
Ammeter, the, 137 
Anti-freezing solution, 136 
Archimedes, 1 
Asbestos packing, 144 
Auxiliary tanks for station- 
ary and fuel oil en- 
gines, 185 



Backfiring, first scheme to 

prevent, 10 
Bamett, 12 
Bamett's ignition cock, 42 



Barsanti and Matteucci, 8 
Battery, how to test a dry, 
138 
how to test a' storage, 
138 
Baume, 117 

hydrometer, 138 
Bearings of crank shaft, 149 
Beginnings of internal com- 
bustion engine, 1 
Belt drive, 157 
Bessemer hot bonnet igniter, 

109 
Big repairs, making, 155 
Bosch high tension magneto, 

53 
Bottoms, 117 
Brayton, George, 9 
Brown, A. and F., 167 
Brown, Samuel, 7 
Butterfly valve, 74, 114 
Buying a second-hand en- 
gine, 171 



Calculus of probability, 171 

Cam shaft, 39 

Cannon, coming of the, 2 
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Capacity and location of 

tanks for stationary 

. and fuel oil engines, 

185 

Carbon, how to remove, 149 

Carbnretor, how to adjust, 

152 

how connected to engine, 

73 
how a regular is made, 73 
how a regular one works, 

73 
how a simple one works, 

72 
why used, 70 
Carburetors, 132 
for motor boat engines, 94 
for motor cars, 84 
Care and attention of sta- 
tionary and fuel oil 
engines, 185 
Cellular radiators, 87 
Centennial exposition, gas 

engines at, 12 
Centrifugal shaft type gov- 
ernor, 113 
Circuit breaker jump spark 

ignition, 175 
Circuit breaker spark coil 
system for motor 
cars, 85 
City gas, 132 
Cleanliness, economy of, 

139 
Clutches, cone, 161 



Clutches, disk, 162 
for mobile engines, 161 
for stationary engineSy 

164 
friction, 161 
magnetic, 161, 163 
Coal oil, 117 
Combustion chamber of oil 

engines, 115 
Commercial gas engine, fixst, 

9 
Compression stroke, 18^ 19 
Cone clutches, 161 
Connecting rod, 38 
Constant pressure gas en- 
gine, 9 
Cooling Diesel engines, 127 
Cooling oil engine cylinderSy 

115 
Cooling schemes, cylinder, 

81 
Cooling system, air, 81 
for motor boat engines, 95 
for airplane engines, 101 
See Water Cooling Sys- 
tems 
water, 81 
Cooling tank system, water, 

60 
Crankshaft, 39 
Cross head pins, 38 
Crude fuel oils, 116, 133, 

175 
Crude oils for Diesel en- 
gines, 176 
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Cutler-Hammer Co., 168 
Cntting new gaskets, 154 
Cycle defined, 17 

four stroke, 12 
Cylinder cooling schemes, 81 

of a gas engine, 35 



Dead center defined, 31 
De Rochas, 12 

four stroke cycle, 12 
De la Verne hot ball igniter, 

110 
Delco-light, kerosene en- 
gine, 115 
oil engine, 105 
Diesel engine, air compressor 
of, 123 
cooling, 127 
experiments showing prin- 

ciple of, 32 
four stroke cycle, 128 
four stroke cycle engine, 

120 
governors for, 126 
how started, 127 
longitudinal cross section 

of, 124 
scavenging pump, 126 
transverse cross section of, 

125 
how it works, 31 
See also Internal Com- 
bustion engine 
Diesel engines, 103 



Diesel engines, crude oils 
for, 176 
lubricating, 128 
Diesel injector pump, 122 
two versus four stroke 

cycle, 128 
Rudolf, 14 

self -igniting engine, 119 
self-ignition oil engine, 

first, 13 
two stroke cycle engine, 

121 
U. S. patent, 122 
Diseases of engines, 139, 142 
finding and fixing the 

fault, 143 
grinding paste, 146 
grinding valves, 146 
lubricating oil, 145 
piston rings, 145 
seat of trouble, 142 
when engine knocks, 139 
when engine overheats, 

139 
when engine works badly, 
142 
Disk clutches, 162 
Distillate, 117 
Distilling apparatus, water, 

136 
Distributor ignition system, 
175 
for timing device, 86 
Distributors for ignition 
systems, 76 
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Drives, friction clutch, 161 

friction wheel, 160 
Dry battery, to test, 138 
Dynamo as a motor, 91 

Economy of cleanliness, 139 
Economy, fuel, 132 
how to practice engine, 

131 
ignition, 137 
in lubricating, 134 
power, 140 
size of engine in relation 

to fuel, 173 
upkeep, 140 
water, 135 
Edison, 11 

Electric igniters, kinds of, 
43 
timers for, 51 
Electric ignition, earliest, 7 
economy, 137 
for motor boat systems, 

94 
system, 41 

system for gasoline en- 
gines, 75 
Electric spark igniter, Bar- 
canti and Matteucci's, 
8 
Electric spark, how the ig- 
niter works, 21 
Electric starter for mobile 

engiaes, 90 
Electric welding, 155 



Electrodes for mpe spazfc 

igniter, 45 
Electrolyte for storage baU 

tery, 138 
Electric versus other ignitioii 

systems, 175 
Engine, air compressor of 

Diesel, 123 
air cooled, 115 
beginnings of the internal 

combustion, 1 
buying a second hand, 171 
combustion chamber of cSl, 

115 
cooling system, motor 

boat, 95 
diagram of a four eyHiir 

der, 25 
Diesel four stroke cyele^ 

120 
Diesel two stroke eyele^ 

121 
Diesel self -igniting, 119 
distillate, 117 
economy, how to praetiee, 

131 
famous Liberty (motor), 

97 
first aid to injured, 153 
four stroke cycle, 18 
fuel feed systems for 

motor boat, 94 
gas, earliest glimmer of 

the, 2 
gyro or revolving^ 99 
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Engine; how a Diesel works^ 
31 

how to find horsepower 
of, 32 

how to remedy defects, 
150 

how to use the power of 
your, 176 
the electrical way, 176 
the mechanical way, 176 

kind you want, 169 
second hand engines, 

171 
small versus large con- 
cerns, 169 

Knight sleeve valve, 93 

lag of, 151 

lead of an, 152 

most economical, 119 

motor boat gasoline, 94 

motor car gasoline, 83 

motor-cycle, 70 

muffler for motor car, 
89 

overheats, when the, 149 
cause of the disturb- 
ance, 149 

power, loss of, 138 

radiators, 152 

room of stationary and 
fuel oil engines, 188 

runs smooth, how, 21 

See also Gas Engine 

See also Internal Combus- 
tion Engine 



Engine, scavenging pump 
of Diesel, 126 
size to get, 140 
starting a hot ball, 32 
starters, motor car, 90 
three port, three stroke 

cycle, 29 
two port, two stroke cycle, 

26 
upkeep, economy of an, 

140 
when it begins to knock, 

147 
when it overheats, 149 
Engines, airplane, 97 
carburetors for motor 

boat, 94 
clutches for stationary^ 
164 
electric versus other ig- 
nition systems, 175 
friction clutches, 165 
how a friction clutch is 

made, 165 
magnetic clutches, 167 
single cylinder versus 
multicylinder engines, 
173 
size of engine in rela- 
tion to its fuel econ- 
omy, 173 
split friction clutches, 

167 
two stroke versus four 
stroke engines, 172 
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Engines, t3rpe of engine in 
relation to fuel avail- 
able, 173 
vertical versus horizon- 
tal engine, 171 

cooling Diesel, 127 

cooling systems for air- 
plane, 101 

crude oils for Diesel, 
176 

Diesel, 103 

Diseases of, 139, 142 

See Diseases of Engines 

electric ignition systems 
for motor boat, 94 

governors for Diesel, 126 

governors for oil, 112 

hot baU, 32 

hot bonnet, 32 

hot head, 115 

how to install, 180, 182 

ignition devices for oil, 
109 

lubricating Diesel, 128 

lubricating, systems for, 
176 

lubrication of oil, 116 

mixing valves and injec- 
tors for oil, 104 

mixing valves for oil, 103 

mobile, 69 

motor boat lubrication 
systems, 95 

mufflers for airplane en- 
gines, 101 



Engines, oil, 102 

oiled, how, 57 

portable gasolinei 62 

See also Gaa EngineB 

See also Portable Qaao- 
line Engines 

See also Stationary Eh- 
gines 

semi-Diesel, 103 

single cylinder venuB mid- 
tieylinder, 173 

size in relation to fuel 
economy, 173 

starters for airplane, ICEL 

stationary gasoline^ 62 

two stroke versus four 
stroke, 171 

vertical versus horizontal^ 
171 
Exhaust pipe, 61 

for motor boat engine^ 
96 

for stationary and fuel 
oil engines, 187 
Exhaust pot, 61 

for stationary and 
fuel oil enginefly 
187 
Exhaust stroke, 20 
Exhaust valve, 16 

for a gas engine, 36 

how they work, 20 
Experiments showing prin- 
ciple of Diesel en- 
gine, 32 
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Fahrenheit thermometer, 117 
Fairbanks-Morse oil engine, 

105 
Filtering fuel oils, 132 
Fill and vent pipes for sta^ 
tionary and fuel oil 
engines, 185 
Fire underwriters, 103 
rules. See also Gas En- 
gines, Rules for In- 
stalling 
First aid to injured engine, 
153 
how to clean spark plugs, 

154 
leaks and how to stop 

them, 153 
making small repairs, 154 
stretching valve springs, 

153 
welding processes, 155 
Flash point of fuel oils, 

117 
Flyball, hit and miss govern- 
or, 55 
throttling governor, 23 
Flywheel, governor, 113 
inertia of, 23 
what it does, 23 
use of, 23 
Flywheels, 39 

Force feed lubricating sys- 
tem, 80 
Force feed lubrication for 
motor car engines, 88 



Formulas for finding horse- 
power of engines, 32 
Four cylinder engine, dia- 
gram of a, 25 
Four stroke cycle defined, 
12 
Diesel engine, 128 
engine, 18 
gas engine, 12 
Frame of gas engine, 35 
Friction clutches, 161 
split, 167 
gears, 158 
wheels, use of, 157 
wheel drives, 158, 160 
Fuel economy, 132 
size of engine in relation 
to, 173 
Fuel feed system, see also 
Gasoline Feed System 
for motor boat engines, 

94 
motor car, 83 
for oil engines, 103 
Fuel injection nozzle, 106 
pump, 106 
Muncie, 108 
Fuel injectors for oil en- 
gines, why used, 103 
Fuel mixtures, 149 
Fuel mixing valves for oil 
engines, why used, 
103 
Fuel oil, kind to use, 117 
mixing valves, 105 
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Fuel oUs, 102, U6, U7 

crude, 175 

for Diesel engines, 176 

filtering, 132, 134 

flash point of, 117 

gravity of, 117 

kinds of, 116 

open cup test, 117 

preheating, 104 
Fuels, liquid, 13 
Fuel supply systems for 
motor-cycles, 70 

valves, 132 
Full force feed lubrication 
for motor car en- 
gines, 88 



Gas and gasoline engine, dif- 
ference in, 62 
Gas bags, 40 
Gas, city, 132 

Gas engine of Abbe Hante- 
feuille, 3 

air valve of a, 36, 37 

camshaft for, 39 

competes with steam en- 
gine, 7 

constant pressure, 9 

connecting rod for, 38 

crankshaft for, 39 

cylinder of a, 35 

double acting, 6 

earliest glimmer of the, 2 

efficient, 34 



Gas engine, with eleetrie 
ignition, 7 

exhaust valve for a, 36, 37 

first commercial, 9 

first to be built, 3 

first workable, 5 

flywheels for, 39 

four stroke cyde, 12 

frame of, 35 

gas supply for, 40 

gas valve for a, 36 

gunpowder, 3 

See also Internal Com- 
bustion Engine 

liquid fuel, 5 
Gas engine on paper, 3 
Gas engine, parts of a, 34 

piston and piston ringB 
for, 38 

simply explained, 15 

sizes of, 34 

water jacket for, 35 

See also Engine 
Gas engines, bases for, 182 

care and attendance, 182 

exhaust pipes for, 181 

exhaust pots for, 180 

gas bags for, 181 

igniters for, 180 

location of, 180 

lubricating oil drips and 
pans on, 182 

mufflers for, 180 

name plates on, 182 

piping for, 180 
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Gas engines, pressure regu- 
lators for, 181 
rules for installing, 180 

care and attendance, 182 
engine base, 182 
exhaust pipe, 181 ^. 
exhaust pot, 180 
gas bag, 181 
igniter, 180 

location of engines, 180 
lubricating oil drips and 

pans, 182 
muffler, 180 
name plates, 182 
piping, 180 

pressure regulator, 181 
Gas fuels, 132 
natural, 132 
oil, 117 

producers, suction, 132 
supply for gas engine, 40 
valve for a gas engine, 36, 
37 
Gaskets, 144 

cutting new, 154 
Gasoline, 117, 132, 174 
Gasoline engine, bases for, 
183 
carburetor, for, see also 

carburetor, 70 
motor boat, 94 
motor car, 83 
motor cycle, 70 
See also Internal Combus- 
tion Engine 



Gasoline engine, simply ex- 
plained, 15 
Gas and Gasoline, 5 
Gasoline engines, care and 
attendance, 183 
exhaust pipes for, 183 
exhaust pots for, 183 
feed pumps for, 183 
igniters for, 183 
installing stationary, 182 
capacity and location of 

tanks, 183 
care and attendance, 

184 
engine base, 183 
exhaust pipe, 183 
exhaust pot, 183 
gasoline feed cup, 183 
gasoline feed pumps, 

183 
igniters, 183 
location of, 182 
lubricating oil drips and 

pans, 183 
mufflers, 183 
name plates, 183 
lubricating oil drip^ 

183 
name plates on, 183 

portable, 62 

stationary, 62 

Gasoline feed cup, 183 

feed pumps, 183 

feed system, gravity, 

65 
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Gasoline feed cnp and oil 

engine^ first, 9 

difference in, 102 

pnmp, 66 

system, how it works, 64 

supply tank, 64 

tanks, capacity and loca- 
tion of, 182 

valve, 66 
Gears, friction, 158 

reduction, 21 

spur and spiral, 40 

toothed, 159 
Gearshaft, 39 
Grenghis Khan, 2 
Goldschmidt Thermit Co., 

155 
Governor, butterfly valve, 
114 

flyball, 23 

flywheel, 113 

hit and miss, 54 

use of, 23 
Governors for Diesel en- 
gines, 126 

for oil engines, 112 
Gravity fuel feed system, 65 

for motor cars, 83 
Gravity of fuel oils, 116 
Grinding paste, 146 

tools, 146 
Gyro airplane engine, 99 
Gun, first, 2 
Gunpowder, discovery of, 2 

gas engines, 3 



Hand starters, 90 
Hautef euille. Abbe, 3 
Hig^ tension magneto igni- 
tion system for motor 
cars, 85 
magneto, Bosch, 53 
rotating magneto, 53 
Hit and miss governor, 64 
Home Handy Book, 136 
Horsepower of an engiae^ 
how to find, 32 
of a four stroke eyde en- 
gine, 32 
of a two stroke eyde en- 
gine, 32 
Hot ball enginep, 32 
igniter, 108 
igniter, De la Yeme^ 

no 

Hot bonnet engines, 32 
igniter, Bessemer, 109 
Muncie, 111 
Hot-head engines, 116 
Hot-tube igniter, 46 
How to adjust the eailm- 
retor, 152 
to buy lubricating 01]% 

134 
a carburetor is connected 

to engine, 73 
to clean spark plugs, 164 
a Diesel engine is made^ 
121 
is started, 127 
works, 31 
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How a Diesel two stroke 

cycle engine works, 

121 
an electric spark igniter 

works, 21 
an engine is made to run 

smooth, 21 
engines are oiled, 57 
to figure horsepower of 

engine, 32 
a four stroke cycle engine 

is made, 15 
a four stroke cycle en- 
gine works, 18, 120 
a friction clutch is made, 

165 
the fuel charge is fired, 

17 
a gasoline system works, 

64 
the governor works, 23, 

112 
governors are made, 54 
to grind valves, 146 
the gyro airplane engine 

works, 100 
a high tension magneto is 

made, 53 
works, 54 
a hit and miss governor 

works, 56 
a hot-tube igniter works, 

42 
an ignition distributor 

works, 76 



How a jump spark coil is 

made, 50 
works, 51 
a jump spark igniter is 

made, 50 
a low tension magneto is 

made, 47 
a low tension magneto 

works, 48 
to make small repairs, 154 
to practice engine econ- 
omy, 131 
a radiator is made, 87 
a regular carburetor is 

made, 73 
works, 73 
to remove carbon, 149 
lime for water spaces, 

136 
to secure ignition econ- 
omy, 137 
a semi-Diesel engine 

works, 32 
a simple carburetor works, 

72 
a simple gas engine is 

made, 15 
a simple four stroke cycle 

gas engine works, 16, 

17 
to stop leaks, 153 
a storage battery is made, 

90 
to take off piston rings, 

145 
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Ignitioii timing system for 
m n 1 1 i-cylinder en- 
gines, 76 
wipe spark, 175 

Hlmninating gas, 174 

Imagination and invention^ 
1 
oriental, 2 

Inertia of flywheel, 23 

Injector pump, Diesel, 122 

Injectors for oil engines, 
why used, 103 

Injured engine, first aid, 153 

Inlet valve, 16 

Inlet valves work, how the, 
20 

Installing gas engines, rules 
for, 180 

Installing stationary gaso- 
line engines, 182 

Interchangeable parts, 155 

Internal combustion engine, 
beginnings of, 1 
how made, 15 
simply explained, 15 

Invention and imagination, 
1 

Inventors, study of, 1 



Johns-Manville Co., 144 
Jump-spark coil, 21-56 

igniters, 21-50 
for oil engines, 109 

ignition, 175 



Keeping up with your 

motor car, 78 
Kerosene, 133 
engine, see Oil Engine 
kind to buy, 133 
Kick coil for wipe spark ig-* 

niter, 44 
Knock, what causes engine 
to, 119 
when engine begins to, 

147 
bearings of crankshaft, 

149 
locating and removing the 

cause, 148 
pre-ignition, 149 
removing carbon, 149 
where the trouble lies, 148 

Lag of an engine, 151 
Latent heat in steam, 12 
Lead of an engine, 152 
Leaks, how to stop, 153 
Lebon, 6 
Lenoir, 9 

Liberty airplane engine, 97 
Liquid fuels, 13 
lime in water spaces, 136 
Low tension magneto sys- 
tem, 45 
oscillating magneto, 49 
rotating magneto, 47 
Lubricating Diesel engines, 
128 
economically, 134 
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How to test a dry battery, 
137 

a three port, two cycle en- 
gine is made, 29 
works, 29 

a throttling governor is 
made, 56 

a throttling governor 
works, 56 

a two port, t^p'o stroke 
cycle engine is made, 
27 

a two port, two stroke cy- 
cle engine works, 26 

to use the power of your 
engine, 176 

the valves of a Diesel en- 
gine work, 122 

a wipe spark igniter is 
made, 44 

a wipe spark igniter 
works, 44 
Huygens, 3 

Igniter, Bessemer bonnet, 

109 
De la Verne hot ball, 110 
for firing fuel charge, 17 
first electric spark, 8 
hot ball, 108 
hot tube, 41 
improved, 8 
jump spark, 21 
mechanism of a wipe 

spark, 45 



Igniter, Mnncie hot bonnet, 
111 

timers for electric, 51 

works, how the eleotiio 
spark, 21 
Igniters, batteries f or, 43 

jump-spark, 50 

kinds of electric, 43 

for oil engines, jnmp 
spark, 109 

See also Magnetos 

wipe spark, 43 
Ignition cock, Bamett% 8, 
42 

devices for oil engineSy 
109 

distributor system, 175 

earliest electric, 7 

economy, how to seeurei 
137 

jump-spark, 175 

premature, 119 

See also Spark Ignition 

schemes, kinds of, 41 

and starting for station- 
ary and fuel oil en- 
gines, 187 

system, circuit breaker 
spark-coil, 175 

systems, electric, 41 
electric for gasoline en- 
gines, 75 
electric versus other, 

175 
for motor cars, 85 
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Ignition timing system for 
mult i-cy Under en- 
gines, 76 
wipe spark, 175 

Illuminating gas, 174 

Imagination and invention, 
1 
oriental, 2 

Inertia of flywheel, 23 

Injector pump, Diesel, 122 

Injectors for oil engines, 
why used, 103 

Injured engine, first aid, 153 

Inlet valve, 16 

Inlet valves work, how the, 
20 

Installing gas engines, rules 
for, 180 

Installing stationary gaso- 
line engines, 182 

Interchangeable parts, 155 

Internal combustion engine, 
beginnings of, 1 
how made, 15 
simply explained, 15 

Invention and imagination, 
1 

Inventors, study of, 1 



Johns-Manville Co., 144 
Jump-spark coil, 21-56 

igniters, 21-50 
for oil engines, 109 

ignition, 175 



Keeping up with your 

motor car, 78 
Kerosene, 133 
engine, see Oil Engine 
kind to buy, 133 
Kick coil for wipe spark ig^ 

niter, 44 
Knock, what causes engine 
to, 119 
when engine begins to, 

147 
bearings of crankshaft, 

149 
locating and removing the 

cause, 148 
pre-ignition, 149 
removing carbon, 149 
where the trouble lies, 148 

Lag of an engine, 151 
Latent heat in steam, 12 
Lead of an engine, 152 
Leaks, how to stop, 153 
Lebon, 6 
Lenoir, 9 

Liberty airplane engine, 97 
Liquid fuels, 13 
Lime in water spaces, 136 
Low tension magneto sys- 
tem, 45 
oscillating magneto, 49 
rotating magneto, 47 
Lubricating Diesel engines, 
128 
economically, 134 
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Lubricating force feed sys- 
tem; 80 
heavy duty engines^ 134 
mobile engines, 134 
oil, 145 
buying, 135 

drips and pans for sta- 
tionary and fuel oil 
engines, 188 
kind to use, 134 
where to buy, 135 
system, splash, 79 
systems, 176 
for airplane engines, 99 
for engines mobile, 78 
for motor boat engines, 

95 
motor car, 88 
for motor cycles, 78 
See also Oiling Systems 
Lubrication, mechanical 
force feed, 116 
of oil engines, 116 



Magnetic clutches, 161-163 
Magneto, advantages of the, 
176 
Bosch high tension, 53 
low tension, 45 
oscillating, 49 
rotating, 47 
oscillating, 49, 176 
when it fails, 138 
Making big repairs, 155 



Making small repairs, 164 
Mechanical force feed lahzi- 

eation, 116 
Mixing valve^ adjustable^ 
105 
a simple^ 105 
kinds of, 105 
for oil engines, 103 
why used, 103 
Mobile engines, 69 
Motor as a dynamo, 91 
Motor boat enginesi cailm* 
retors for, 94 
cooling system, 95 
electric ignition cfyBteau^ 

for, 94 
exhaust pipe, 96 
lubrication systemSy 96 
muffler, 96 
fuel feed systems, 94 
gasoline engine, 94 
Motor car carfouretors, 84 
cooling systems, 87 
oigine, muffler for, 88 
fuel feed systems, 83 
gasoline engine, 83 
ignition systems, 85 
lubricating systems, 88 
Motor-cycle engine, fuel sup- 
ply systems, 70 
gasoline engine, 70 
muffler, 81 
Motor spirits, 117 
Muffler for motor boat en- 
gine, 96 
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Muffler for motor ear en- 
gine, 88 
motor cycle, 81 
for stationary and fuel oil 

engines, 187 
for airplane engines, 101 
Multicylinder ignition tim- 
ing system, 76 
Multicylinders, use of, 24 
Muncie fuel injection nozzle, 
107 
injection pump, 108 
Muncie hot bonnet igniter, 

111 
Muriatic acid solution, 136 

Name plates for stationary 
and fuel oil engines, 
188 
Naphtha, 117 

National board of fire un- 
derwriters, 185 
Natural gas, 132-174 
Needle valve, gasoline, 67 
Nozzle, fuel injection, 106 

Oil cup, sight feed, 57 
engine, combustion cham- 
ber of, 115 
Diesel, 31 

first self -ignition, 13 
See also Internal Combus- 
tion engine, 
simply explained, 15 



Oil engines, 162 

governors for, 112 

hot head, 115 

ignition devices for, 109 

lubrication of, 116 

mixing valves for, 103 

why mixing valves and 
injectors are used, 
104 

use of water in, 108 

lubricating, 145 

See also Lubricating Sys- 
tems 

feed, wiper, 39 

fuel feed systems, 103 

and gasoline engines, dif- 
ference in, 102 

first, 9 

to use, kind of lubricat- 
ing, 135 

solar, 113 

where to buy lubricating, 
135 
Oilers, ring, 58 
Oiling systems, 57 

for airplane engines, 99 

for motor cycle engines, 
95 

for motor car engines, 88 

for motor cycle engines, 
78 
Oils, crude, 116-133 

flash point of fuel, 117 

gravity of fuel oils, 117 

kinds of fuel, 116 
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Oih, Qpm eop test far taAi 
117 

t/> ux^f kisd </f f mdy 117 

^y^tWlsAim^ uati^ueiOf 176 

i'jfjuXroi fS)ffst:hiiDism tor, 43 

(Hio Umr Miroke eyeie, 12 

Ni/;fi/>liiK Aujrutt, 12 

Oxya/r^Ufkne w^lding^ 155 

Ptn'MiuiTf tiii\)eMUM, 144 
IMroI, 117 

i^ipinf< for Ktali^inary and 
fiw?) oil enf^neu, 187 
)'i>$i<)rj and piKifm rin^, 38 
J'wton rinpTK, 14/'> 

liow to tttk'* off, 146 
I'ltttt and Wanhburn Co., 

VorinhU^ itnu;\nii diffincd, 62 
^fMHoliriij ottii^'imtHf 62-184 
vMUi and aUcndance, 185 
^aHoliru! fij^'d «up, 184 
f^aHolini) fw*d fMimp, 184 
iVniiiTM for, 184 
Uihruiniin^ oil dripH and 

panM, 185 
niufTlfirH and <*xhauHt pots 

for, IHf) 
nanu) f)lni«K for, 185 
pipinpf and fiitinf^ for, 
184 
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UK iSat, 176 
Pnbeatiog toA tSk, IM 
Pre-igmtion, 135-119 
Prematnre ignilinn, 119 
Prest-O-Iite Co^ 155 
ProbfllnlitT, ealenloa of, 171 
Prodneer gas, 132, 17i 
Pump fuel feed s^rteni, 05 

fuel in jeeticm, 106 

gaaoline, 66 

Mnneie fuel in jeetioa, 168 

scavenging, 126 
Pumps, gasoline feed, 183 

for motor boat enginew^ 
water, 95 



Radiators for airplane en- 

(^nes, 101 

for motor car engines, 87 

size of, 152 
Reduction gears, 21 
Repairs, how to make, 154 
Replacements, 155 
Residuum fuel oil, 117 
Revolving engine for air- 
plane, 99 
Ring oilers, 58 
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Eotatmg magneto, high ten- 
sion, 53 



Scavenging air, 126 
burnt gases, 152 
pump, 126 
works, how a, 32 
Self -igniting engine, Diesel, 

119 
Self -ignition oil engine, first 

Diesel, 13 
Semi-Diesel engines, 103 
Sight feed oil cup, 57 
Simple sparks ignition sys- 
tem, 22 
Sleeve valve engine. Knight, 

93 
Solar oil, 133 
Solution, anti-freezing, 136 

muriatic acid, 136 
Spark coil ignition system 
for motor cars, 85 
igniter works, how the 

electric, 21 
ignition system, simple^ 
22 
See also Ignition Sys- 
tems 
plugs, how to clean, 154 
Specific gravity, 117 

of storage battery, 138 
Splash circulating lubrica- 
tion for motor car 
engines, 88 



Splash force feed lubrication 
for motor car engines, 
88 
lubricating system, 79 
lubrication for motor car 
engines, 88 
Split friction clutches, 167 
Starters for airplane en- 
gines, 101 
for mobile engines, 90 
Starting a hot-ball engine, 

32 
Stationary engine defined, 62 
Stationary gasoline engines, 

62 
Stationary kerosene and fuel 
oil engines, 185 
auxiliary tanks, 185 
location of, 185 
capacity and location of 

tanks, 185 
care and attention, 188 
engine room, 188 
exhaust pipe, 187 
fuel and vent pipes, 185 
ignition and starting, 187 
lubricating oU drips and 

pans, 188 
muffler or exhaust pot^ 187 
name plates for, 188 
piping, 187 
Steam, latent heat in, 12 
engine versus gas engine, 
7 
Storage batteries, 90 
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Storage battery, to teBt, 138 
Stove oil, 117 
Street, Robert, 5 
Stretching valve springs, 153 
Stroke, compression, 18-19 

exhaust, 20 

power, 19 

suction, 18 
Suction gas producers, 132 



Testing a dry battery, 138 
Thermo-siphon cooling sys- 
tem, 60 
Thermit welding, 155 
Thompson Electric Welding 

Co., 155 
Three post, two stroke cycle 

engine, 29 
Throttling governors, 23, 56 
Tight and loose pulley, 156 
Timer for electric igniter, 51 
Timer for jump-spark igni- 
tion, 21 
Timing defined, 16 
system for multi-cylinder 
engines, 76 
Toothed gears, 159 
Tops, 117 

Transmission of power, 156 
cone clutches, 161 
disk clutches, 162 
friction clutches, 161 
friction wheels, 157 
magnetic clutches, 161 



Transmis^on of p o w er, 
tight and loose pulley, 156 
toothed gears, 159 
wheels in alignmoit, 157 
at right angles, 158 
Tubular radiator, 87 
Tungsten steel valvefi, 146 
Two stroke cycle Diesel ei^ 
gine, 128 
cycle engine, two part, 26 
Two part, two stroke eyde 
engine, 26 

Upkeep economy, 140 
Useful information, 180 

Valve, butterfly, 74, 114 
engine. Knight sleeve, 93 
exhaust, 16 
gasoline, 66 
inlet, 16 
needle, 67 

springs, stretching, 153 
Valves of a Diesel engine^ 
122 
fuel, 132 
grinding, 146 
grinding paste for, 146 
grinding tools for, 146 
mixing, 105 

adjustable, 105 
tungsten steel, 146 
works, how the exhaust^ 
20 
how the inlet, 20 
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